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INTRODUCTION. 



Tuis little Tolume, bein^ almost entirely a com- 
pilation from works of acknowledged merit relating to 
the Grcology of England and Wales, is not offered to the 
notice of the scientifie Geologist. It is intended for the 
lise of the beginner, in the hope that it may prove advan- 
tageous to him, as an introduction to the more com- 
prehensive books from which the information it contains 
has been principally extracted, and as an incitement to 
the practical study of the geology of our own country. 

"While compiling the following pages, it did not escape 
recollection that it was my duty to set before the be- 
ginner, a representation of " Facts", in a fair and can- 
did manner ; that it would be an advantage to disencum- 
ber them as much as possible of theory ; and especially, 
that the selection ought not to be biassed by any theo- 
retical views of my own. In the yet infant state of our 
knowledge of the strata of England, and particularly of 
Wales, it will scarcely be denied tliat the student is 
more likely to reap b( nefit from a simple detail of well 
authenticated facts, than from the most able attempt to 
connect tliem theoretically. 

Imperfect as our knowledge of the geology of our own 
country certainly is, it is nevertlielegs astonishing, that 

a 2. 



4 IMTRODlfeTTON. 

•o great progress in exploring it should haTC bf en made 
in a very short time r for it can hardly be said to hare 
received general attention more than ten or twelve 
years. It is true that a countryman of our own, the 
Rev. J. Mitchell, in a paper on the subject of volcanoes, 
printed in tlie Transactions of the Royal Society for the 
year 1760, made some remarks on the regular strati- 
fication of the earth, which, considering how little was 
^ ,4 then known of Geology, have since been proved to be 
singularly correct. Among other observations, he says 
that, ^ as mountainous countries are generally formed 
out of the lower strata, so the more level countries are 
generally formed out of the upper strata of the earth.' * 
Whether the remarks of that gentleman arose from a 
partial acquaintance with the Regular stratification of 
England is uncertain ; nor does it appear that inquiry 
was awakened by them. What is at present known, 
is in gnat measure to be ascribed to the indefatigable 
refiearehes of one observer now living ; who, during at 
least twenty years, has visited and revisited the greater 
part of England ; and who, with an industry of which we 
can scaicely find a parallel, employed himself, on 
all occasions, in noting the peculiar facts exposed to 
his research, until at length he was enabled to form 
them into one grand outline for the information and 
benefit of the community. It will at once b(* under- 
stood that I n fer to W. Smith, author of a '' Map of 
the Strata of England and Wales ;'' in regard to w hoin, 
two circumstances at least are not less remarkable than, 
honourable. The first, that during the earlier part of 
his career, he was in great measure, if not altc>gi»ther 
unacquainted with any geoloj^ical theories then existing 
relative to regular stratification ; the second, that *• he 
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was the first who noticed, that certain fossih ane pecn- 
liar to, and are only found in, particular strata ; and first 
ascertained the constancy in the order of superposition^ . 
and the continuitv in the strata of our island."* 

Not only is his Map of tlie strata of England, when 
Tiewed as resulting from the labours of one man, a pro-- 
ducdon which it is impossible not to view with admi-" 
mtion ; but also in a geological point of view it is highlj 
important, inasmuch as it has been the principal mean.» 
of teaching us the interesting feet, that England is a* 
regularly stratified country : and the experience of every 
«Uiy tends to shew, that there is an order belonging to iis^ 
strata. 

This Map therefore is extremely instructite, evew 
though we should be compelled to acknowledge that it 
is not in every part equally accurate in detail : but a« 
the large and expensive scale on which it is executed^, 
forbids its being generally within the reach of the young 
Geologist, I was induced, by permission of its author^. 
to take it as the basis of one on a very small scale, and 
to annex it, .together with a few short and very general' 
remarks on the stratification of England and Wales, as 
an appendix to the second edition of my ^ Outline d 
D^ineralogy and Geology.^ While contemplating » 
third edition of that little work^ it occurred to me^ 
that if those few and general remarks could advan<fr> 
tageously be increased, it would tend ta forward tbe^ 
ecrence : and knowing from experience the value of 
^ Facts,'* I determined, although it must be acknow*- 
ledged dtait the occupation is an humble one^ to make m. 
^leicdoffOr •£ the facts'^ already made known^ and ti»» 
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I puMUh tliem for the use of (he student,-! miglil rathi 
I vty of the beginner, in a separate volume : being u 
, ling to inerease too greatly the size of the " Outlines,^ 
IT to render it impossible for the purchaser to obtain II 
me wiiliout the other, 

The Map []tace<l opposite to the title page, small ai H 

Is, affords a general view of the nature and pos 

the strata of England ; it is Impossible that one 

very small a srale should be ^n'urale in detail, but t 

scfTcs to shew that the western fiide of the king* 

("onsists of tho^e rocks which are esteemed to be t 

eldest formation ; tliat the middle district, in which tltj 

I ttrata more etldenlly run, gencrallf speaking, nortfki 

I east and south-we^t, consists of the older sccondaij 

rocks; and that the eastern parts, consisting chieflj' d 

chalk and of strata reposing upon it, are of the nenfl) 

lernndury ; but a very hirge proportion of the itnmedia 

' iurface o( the country, especially of the lower iTHct^ 

Conshts of alluvial matter. 

The greatest elevations are found in Wales and Ihl 

North of England. The rugged outline, ar 

•ionally the precipitous summits of tlic«e, are to i 

' ofa^errer indications of llictr being of the earliest foT^ 

Btation ; while the smooth aud ronnded undu 

the bills ill the central and eastern parts of the kingdom, 

bexpeakB their newer formation, even though not a speck 

luld appear, diTested of herbage. The outline of a 

I country ia commonly a better means of judging of the 

I comparative ages of the rocks composing It, than their 

F tlevaiiona. The granite range of Coinu-all no where at- 

t so great a height as many mouiifaEns in Wales and 

the noilheru parts of England, though commonly esteem- 

T formation, llie xt^ullc of tbi 
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Tlfigland does a*t exceed I SSO feet above the sea ; whili 
SiiOMdon, wliosp rugged peaks coilMut chietly of todi 
of the trap forniitlion, Attains the height of 3^59 feet. 

Rej^jutar, numerous, and varied as arc the strata of' I 
England, it is ne»ert1ieless possible that a traTellcr 
i attention lias in no degree been turned to geo- ^ 
]fflCa.l objects and pursuits, ahould p:tss over a. 
lontry consistinjj of Tcry diifereut rocks, v 
fMit noticing Iheir dilfereiice. The sod Is so eontitiuoui 
in many districtta, and the allavial matter so dee p, that 
rnperficial observers have little chance of remarking a 

Iange in the nature of the sub-stratum. As the artist I 
Bws every objert that prusentB Itself in a manner which 1 
iBpeaks him mindful of his art; so the geologist, as he 
I8SM along, regards every o|iciiing beneath the suifaee^ 
«ry quarry, as yieldiug him some informalion in liis 
rorite pursuit; and the esperienced geologist, liewiny 
nature on a broader scale, can with a sort of instinctjva 
reatliness discern, e>en at a considerable distance, any 
remarkable change of the sob-stratum, by remarking the 
character and outline of surrounding elevations. J 

An inspeelion of the Map will evince that the Btrattt I 
^ which our country consists, vary greatly in itimensioa A 
a well as in regularity. The aame stratum in one place 
lay be some miles in extent at the surface, or rather, 
tnmediately beneath the soil or alluviura composing it} 
ining, perhaps at no great distance, diminished and 
a very small compass, or even entirely lost J 
I fhst the two rocks which before bounded It one on 
I side, now Immediately repose the i 

Again perhaps it re-appears and again is lost.J 
RiC appearance of a stratum at the surface is termed il 
Wgotfig, tiasiellijig, or ctoj'ping out. Its direction b 
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I ll«th the 9«rfarp is termed it* iffp: when a str.Kum, iw 
^ rock,, is in ifs natural pneliioii, it i»ituW to lie in situ. 

ThestTfttaorwhicli «ur islaitd is compesi^d, tiave not all- 

f llthcrln rp^l■iYe() cquni altfiitimi. Hor pcrliaps i^ k to 

\ be fxprctrti tbHf Ihf-y ihoutil : lor in rocard to some oF 

I tfioBi, there are tlitficulrtes ti' Iip siintKumted hejcrid the 

[ were opportunity of tm-iiig i strnfmn, Ijoyourf otiiinary 

I AcquIrRmcht in genlnjjical knowlrdgp. I allude to the^ 

1 nldcr formations a» thej ate ct>n\mnn\y ternipd ; nhichf. 

[ not luting homogenroiis roehn, but cmi)p«uiid>i, ronsist- 

Ing of several mmeralir firqjpnllj-, and ifldped most 

commanlj', in a slate of minute a|rgregatton, dirmand (or 

tiicir inToatifEStioit an ititimute ai:qvMt>tance with simple- 

*ninenils> Upon llie jtuliject of thin BctiBircment, as 

tvtinccted with gt^ologiial invesligution, I sfaill attempt 

for A short time to det-ilii tlie reader. 

It is *ery powihip to become a«i|aii)ntcd in Hie dosrt 
with all the arguments of the oppoaite theories oi Jirt 
I ftnd ualer; with CJeology generally, and with (hat of 
^ frtir own coontry in )taflic«1ar, in so far sa it is coramORl^ 
known, by due alfeiition to the irorlcs which treat oai^ 
IhcBe SBlijfits. Willioot being abl# to ditlinguisb than 
most tommoii rocks front each other, luch inrormatio^fl 
may be atuined of the cliaracter and rclalire posiiiai» 
nf ihe sneral formations of our island, as to constitute 
what may be Icrmtri a good tnlking Giolughl; and this 
without having seen much. If any thing — nitiiout hattni; 
tecome pracliratly acquainted with «iie of its ntrniemus 
itratt. But we may proceed. It is very pomlble that 
ia addition to his stodies in the closet, ureal Im-er a& g 
the »Cit'n*e may 1» practically Rc<|iiitnted with a 
trtry fermali^Ki h«-(weeii rtic "f««l aitonom and n 
taia UmnWitf ami tlierc£Br» well vertud la * 
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relates to.thig part of the geology of our island; but 
even though he should haye proceeded thus far, it may 
Be said that he will be at least as remote from the cha- 
racter of a Geologist, as a child would be from the 
capability of reading, who baring his alphabet by heart^^ 
is acquainted by sight with only half its charactert. 
He would be what may be termed, a Geologist on the 
broad scale^ unless he shall also be enabled, by a pre^ 
ryious knowledge of simple minerals ^ to proceed west of 
the mountain limestone. Without this knowledge, he 
"would find himself, when traTelling in the western or 
northern counties of England, or especially in Wales, ia 
a country abounding in rocks, almost as untelligible to 
him, as though he were a stranger to the science* 
Without an intimate acquaintance with simple minerals 
generally, he would feel little interest in the midst of 
•by far the most interesting tracts of our island. 

Mineraliogy, I repeat, is essential to a Geologist; it if 
the Tory alphabet to Geology. I repeat alsp that it is 
not requisite to become acquainted with all the niceties 
connected with mincralogical research, nor with eyerj 
mineral substance.* Some, not to say many minerals^ 
are ifound only in reins, never as the components of 
rocks : but unless the Geologist begin by the study of 
Mineralogy, to take an example from the component 
minerals of those which are commonly considered to be 
the oldest rocks, he will occasionaly be in danger of 
mistaking carbonate of lime, and a variety of other 
minerals, for felspar ; talc for mica ; and calcareous spar 
in some instances for quartz. 

These observations may perhaps be thought super- 
fluous by some, as tending only to insist unnecessarily 

• See my Elementary Introduction to Mineralogy, p. v. 
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tm tint which is ackoowkdged to be true. That 
it is granted by many, I 'am fully aware ; but it must 
haye been obserred that there is a fiashion in sdence^ 
08 in the comiiion arts of life ; and if I mistake not^ 
Geology is now in fashion. And therefore, haying been 
|>eTSonally acquainted with several, and by report with 
fu* more numerous instances, in which it has been 
thought most eligible, as being the easiest road to the 
«cqiiiremeitt of Geology, altogether to omit the requisite 
preytous acquaintance with simple minerals, I am anxih-- 
oas, for the honour of the science, and the ultimate satis«- 
faction of the student, to prove to him that the study oT 
mineralogy is an essential preliminary step, and to warft 
him against failing into the too fiishionafoie error of negh. 
lecting it. 

It is frequently difficult, sometimes impossible, eyen 
for the most scientific mineralogist, accurately to de^ 
termine the designation of a compound rock, when 
{presented only with a hand speciiMen. The minutenesft^ 
^ aggregation, and the frequent transitions of one com*- 
yonnd into others with which it is allied, often renden 
k extremely ditficult for the most experienrced to deter* 
aine the class to which a rock belongs,, eyea when seea 
im niu^ which is the most favourable drcnmstance ander 
which it can be obsenred. To these obstacles in part 
wmj be ancribed, the very slight information that haa 
Kttherto been given of some of our tracts of country con*^ 
sistlng of rocks which are commonly termed primitive f 
and why, in some casefs, we know nothing more of then 
than that they exist. Of the secondary ibrmatioos we 
iMive generally a l>etter and more detailed account^ 
l^ing more readily recognized, not only by the organie 
lemalus they coutaioi^ but also because they arc loss liii^ 



Me t» tiiose tnnisttiow j«st spokea of, and tbej am 
nope coiBinoalj homogeneous. Still, however, BMich is 
to be Leanied respecting many of the secondary form»« 
tiona ; little or nothing has beeiv maile public respectiii|p 
some of tfeem, amongst which it may be remarked that^ 
of the oolhe, the outcrop of which occupies a ? ery iaifpo 
fenact traverstng England from the Humber, and perhapt 
eveiib higher north, qoite to the coast of Dorsetshire, and 
which connsta of very numerons beds of yery different 
Batttxes, no details have been pnbli sited. We moft, 
howierer, here recollect that research is proceeding with 
a rapidity truly astonishing, and considerkig how short 
the time is mace it began, it excites admiration that so 
nnich. has been done, rather than disappointment that so 
much more yet remains uninyestigated. 

It IS worthy of note, that Dr. Berger, who had explored 
naoy, if not most parts of the European Continent pre- 
viously to lus Tisit to this country, obserres that, ^ If we 
take a comprehensiye view of the southern counties of 
England^ from the coast of Kent to the Land's End^ 
we may safely assept that there are few countries, which, 
within such limits, can boast of so varied and regular a 
succession of recks ; from those which are reckoned bp 
most geologists to be of the latest formation, to ihos€ 
uhich are of the oldest,^ *^ 

On referring to the map, it will be at once observable, 
that the eastern side of England consists of the newest 
rodks. In proceeding westward therefore, we should 
pass oyer the oatcrop of formations still older than the 
preceding : and we should find that the western side of 
England, and a yery large proportion of Wales, consist 
of those roek» wbich are commonly considered as being 

* Gcol. Trans, vol. i. p. 267. 
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of primitiTe fonnation. When therofore we reflect ^ 
this, and wlieo also we recnilect that the researchet < 
((eologists prove that the older strata pass benealli tha . 

should tlicorefically decide that the older 
rocks on the west must liif) under the surface, passing 
away beueath the newer formalions on the east of them ; 
and consequently that all (he numerous succeeding strata 
Trust incline, generally speaking, in the same direction. 
This proves to be the fact; and it has been observed 
that the angle at which the strata dip, increases as we 
proceed westward. 

Figure 2, of plate 3, will therefore represent a section 
of the coucitry over which a traveller would pass, from 
beyoud X^ondoa on the east to the Land's End in Cora- 
wall. It also shews the general dip of each stratiitn, n* 
well as the interesting fact, that the dip of each forms a 
greater angle with the horizon in proceeding westward ; 
those on the ea.st most nearly assuming that directioi^ 
which determined Werner to give to the newer seconda^ 
rocks, the term of Fla'tz, or Flat Hocks. 

Such, then, is the remarkable regularity of llie stra^ 
of the southern counties of England. It will howeTfl| 
be seen that, in some of the formations which ar 
liDown, as hating been most investigated, there a 
casional deviations from tins regularity ; but i 
generally been found that, where these have been n 
ticed, they have been deviations in ajipearuticc, 
than in reality. The roost scrupulous investigation of a 
considerable proportion of our strata assure us of the 
fact, that order in regard to dcjiotUion it nlmosi every 
uhere prevalent^ and Ikiit this order i» never inserted 
1 quote the following interesting remarks from the fi 
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volume of (he Transactions of the Geological Society, 
as being illustrative of this assertion. 

^ Chemical analysis has been called in to the aid of 
fhe naturalist, in order to account for the perfect state 
of preservation observable in remains organized with the 
most exquisite delicacy, and which there is every reason 
for supposing to have been readily decomposable in their 
recent state. . From this investigation we learn the man- 
ner in which these memorials of the old world, so in- 
teresting and so frail, have been preserved. Some have 
been impregnated with calcareous matter, others with 
siliceous, and others with iron or copper pyrites. But 
these facts, however important and interesting, cannot, 
-when considered by themselves, add much to our know- 
ledge respecting the formation and structure of the 
earth. To derive any information of consequence from 
them, on these subjects, it is necessary that their exami- 
nation should be connected with that of the several 
strata in which they are found. 

' Already have these examinations, thus carried on, 
taught us the following instructive facts. 

^ That exactly similar fossils are found in distant parts 
of the same stratum, not only where it traverses this 
island, but where it appeal s again on the opposite coast : 
that, in strata of considerable comparative depth, fossils 
are found, which are not discovered in any of the super- 
incumbent beds : that some fossils, which abound in the 
lower, are found in diminishing numbers through seve- 
ral of the superincumbent, and are entirely wanting in 
the uppermost strata : that some fossils, occurring in 
considerable numbers in one stratum, become very rare 
in the adjacent portion of the next superincumbent stra- 
tum, and afterwards are lost : that fossils of one parti- 

b 
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cular geuus, which exist Hbundantly in the lower strata, 
and occur in several of the superincumbent ones, are uot 
foan<i ill the tbrep liighesi slmta ; whilst one species of 
that griiu5,but which has not been found In a fossil state, 
cxisis in our present seas : and lastly, tha,t most of the 
remains which arc abundant iu the superior strata, are 
not alt found in (he lower. These geueral facts lead ni 
to hope, that geology nay derive considerable assistance 
from an examination uf fossils, made in coanexiou with 
that of the strata to which they belong.' * 

Keeping in view the important fact, that the strata of 
the southern counties dip towards the east (Sec pi. 3, 
fili> 2), we, who reside on the eaiiteni side of England, 
and on deposites of the newest formation, might amuse 
ourselves with speculating on the distance which any 
one of the more ancient strata, which in the map and 
■cction are seen cropping out In some of the western 

Milies, dips beneath our feet. This can only be done 

a, mailer of curiosity ; for we cannot even hope to 
apjx'oach the truth, because of the uncertainty whether _ 
the numerous stratA to the west of us do, or do na^jfl 
aclually continue to dip towards the east, for any coii.^H 
iiideniblc distance beneath the surface. Kvea if ws^l 

re to assume tiiis to be [he fact, for the sake of 
amusing ouTsches with a calculation of some sort, we 
should still be at a las as to the probable thickness 
tif the several strata. Coal is one of the most important 
lU'positcs, and therefore claims our consideration in as 
great, if not in a greater degree, than any other. 
looking al the map we shall observe that the o 
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place to London at which coal is found, is in the neigh- 
bourhood of Bristol, near to which it dips towards th» 
east, beneath the red marie, and aboye the mountain 
limestone. It is thus represented in the section, Fig. 3, 
of PI. 2 ; by which we may observe, that there are very 
many formations lying between the London clay and 
the coal, which are believed all to dip together towards 
the east. And when we recollect that the outgoing of the 
nearest coal to London, is upwards of 100 miles front 
it; that the wells there pass from 150 to 300 feet 
through the London clay before the sand which lies 
upon the chalk is arrived at, and from which the water 
springs ; if again we consider that between the sand and 
the coal, the numerous strata extend on the surface 
over a tract of country about 40 miles in length from 
east to west, as from Hungerford to Bristol ; and if more- 
over we imagine all these strata to be compressed be" 
neaih the sand which covers the chalky into one twen- 
tieth part of what their outgoings occupy on the surface ; 
we should even then be compelled to suppose that. the 
strata of coal are more than two miles beneath the 
bottom of the London clay. How near the truth this, 
calculation may be, or whether the coal and all the 
strata intervening between it and the chalk pass away 
beneath our feet, we have no reasonable ground for 
concluding; but we are acquainted with the important 
geological facts, that the dip of the older rocks beneath 
the surface is much more highly inclined than that of the 
rocks of a middle age, and that the dip of the newer 
rocks becomes less and less inclined, until we arrive at 
tbe newest, which lies nearly flat. The difference of 
inclination in rocks of different ages, it will be 'recol- 
lected^ caused Werner to designate the more recent oi 

b2 
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Ihcm by the name of flietz or flat rocks, on Account^ 
their nearly flat position. We are moreover acquaint 
■with the fact, that the dip of the formation; 
of the lias, all of which are newer than it, is very 1i 
(.-onsiilorabk* ; so that the allowance we have n 
the thickiicsa of tiic strata, between the bollom of tJ 
London clay and the surface of the coal, may far e 
the trnthj even though our allowance does not e 
one>tH eiilicth of the distance which the outgoings i 
ihese strata occupy on the surface." The coal ne| 
Bristol dips towardi the east, to use the miners' phra 
3 feci in B ; in other vrords, If the stratum nf coal l| 
Tollowed down from il9 outgoing at the surface for | 
feet, a perpendicular liuc let down to that point fra 
the surface would be found to be 3 feet in length. 

With regard to the general level of the country i 
Sn^lantl above the sea, it is diRicult to form a precirf 
notion ; it may however be remarked that the Ashby do 
la Zouch ca,nal which runs nearly due south from that 
place chieily over the red marie, is 274 feet above tl 
level of the sea at high water mark, aud takes its coin 
for 70 miles without a single lock. 

It is also worthy of remark that the Tallies whidi' 
lake their course along the ilirednm oj Ihe ttrala at (he 
surface, arc 'longer, more open, atid less rugged Ibau 
tliate akixk traverse the tlrula, Ihe smallur estent bj 
inore rugged sniTacc* of w hich appear to denote, that 
l*rwt srnne or tliL'«e are not attributable to I 
«une M the roTiiiLT, njmelv, to that of regular 
ftoii ; but tira djfruptlun of the continuity of the atmta 
on the lurfuce by «aiious, reoiote, and tnezplicable 
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The space which is without colour, formiag, accord-^ 
fug to the geographical diyisions of England, the uorth* 
em parts of Cambridgeshire and the eastern parts of 
Uncolnshire, and bounded on the north and east by 
the Wash^ can scarcely be said to form a part of the 
geological features of England. With yery little ex-^ 
ception, it consists of fens and marshes : many thousand 
acres of it have been retriered from the sea, which it is 
well known has at different periods retired from par- 
ticular parts of our coasts, and again returned. Of this 
there i9^ a remarkable instance on the coast of Kent. It 
is known that the sea once covered, and perhaps at no* 
Tery distant periody the extensive tract of flat land known- 
by the- name of Romney marsh, now affording pasturage 
for many thousands of cattle, whose* security depends^ 
on the stability of a barrier of earth 14' mile» long, 
called Dirochurch wall, which has been thrown up, an^ 
is kept in constant repair to oppose the progress of the 
sea; the surface of which, at high water, is many feet 
above that of Romney marsh. The eastern parts of 
Lincolnshire and the northern parts of Cambridgeshire,, 
(although a large part of them has of late been re- 
gained from the sea and is now cultivated), were for- 
merly, if not in a state of cultivation, yet considerably 
above high-water mark, as is^ evinced by the numerous 
remains abounding therein. The trunks and roots of 
hirge trees are very frequently discovered'; and it is not 
k)Dg since the trunk of an oak, 90 feet long, was fouodb 
buried in the marshes on the coast of Lincolnshire. 

Dr. Kidd is of opinion that ^ w« may at least be 
convinced that the science of geology is at present so^ 
coxnpietely in its iniancy,^ as to render bopele^ any at«- 
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tempt at sDCcessrul gencralizalion, and may tliereforc' 
iudured to persevere xilh patience in the accumulatii 
of uspFul fads. * " The perBL-rerance here recom mended 
is iiuliL'J most essential to the science. The aKention 
thai has now for some years l)ec.'D gitcn to geological re> 
eeBfcii, has consigned almost to oblivion many a splent 
theory, and ha.4 tended in a most important degree 
damp that ardoui' for tiieorixing which once preriuled 
greatly : and though it is impossible to withhold a srollti 
at the many aniusing and crude conceptions which once 
dazzled the world, and equally so not to Teel gratilied 
that philosophy now takes a humbler (light, we must 
not undervalue theory, eren though inTCsti^tioii liu 
not hitherto proceeded to its utmost limit; for when 
grounded upon obseiTUlion, theory is extremely use- 
ful and equally reasonable. Hemote from perfection 
as is our present knowledge of the geology of England, 
and it certainly is very remote, it is impossible to gire 
even u short attention to tjte little map at the beginning 
of this volume, \vhich is a study of itself for the begin- 
ner, without feeling assured that much is already knowft, 
of tlte general geulogkal histury of oar country : tUM 
is to say, the western side is found to be almost wholM 
constituted of rocks, which, as they contain no organiM 
lemains, are generally esteemed to be of the oldest 
formation, and the eastern side of the newest, while the 
cutcrop of those which both from their nature and the 
ttrganic remains they enclose, are esteemed to be CH 
ft middle age, occupies the central parts. m 

But in forming these conclusions, it may be said thM 
theory is involved. It ts. In the estimation of somil 

I • ' Geu logical Eehj (jn ilic Imperfect £videace in wppondfl 
\ I Theory of ihe Einh,' tm. p. Ve9> 4 
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Geologists, altogether theoretical to conclade that certain 
rocks, which contain no organic remains, and wliich ub» 
derlie those which do contain thero, are therefore of older 
formation. By such, they are believed to be newer thaa 
many which they support. I am not about to enter into 
the merits of this question.* It is noticed here only to- 
shew that, although order of some sort is almost unirer* 
sally agreed to prevail, we cannot adopt the ordinary 
language of the science in its more intelligible and rea* 
Bonable form, without theorizing in some degree. In 
this view of the subject, we theorize in assigning to rocks^ 
a classi£cation. Hence their common division into pri- 
mitive, secondary and alluvial, as regards the firsts if not 
the second cla^ is to be considered as matter of theory* 
In the following pages I have abstained from any 
classification, and have adhered as closely as possible 
to mere geological fact, as it relates to the general cha* 
racters, and actual relative position of the siraki com- 
poung England and Wales ; leaving, therefore, as much 
as possiUe, all theory out of the question. Bat I have 
great pleasure in being permitted to add to the facts 
of which this little volume is composed, a very import- 
ant and useful tabular view of our rocks, entitled the 
f' Order of Superposition of Strata in the British islands, 
by the Rev. W. Buckland, Professor of Mineralogy ia 
the University of Oxford."* This document 1 have been 
allowed to insert by the liberality of the author, whose 
indefatigable research is well known : and who, solici- 
tous for the progress and dissemination of the science^ 
had prepared it for the illustration of his lectures on 
Geology. This classification is necessarily theoretical ia 

♦ See my * Outlines of Mineralc^ and Geology^' &c. 3d edition, 
page 1S5; and se^. 
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part, and profesBes to shew (he general agreemenf of (he 
BrUish strata, with the order adopted by the Wernerian 
School. It cannot fiinl to interest aiid instruct the sla- 
dent, as exhibiting at one view the great series of our 
rocks, and as containing many localities which hare not 
1 believe been made public in any other Torm. J beg 
o rerommend it to the diligent attention of 
the student. 



s, 
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It remains to say a few words on (Fie subject o 
sources whence have been extracted the " Facts" i 
eluded in this Tolume. It has been my Intention to e 
hibit in the sirallesi compass, a detail of well founilc 
obserTations, adeqnate in some sort to instruct the h 

tginner, to induce hU attention to the theology oT a 
country, wherever he may happen if travel; i 
con¥ince him that every opening beneath the surfao 
possesses some degree of interest lor the practical % 
logist. It cannot be expected that so slight an outline 
should satisfy him. Many details included in the raloi 

table records, whence these facts have been taken, an 
necessarily omitted ; and much might have been added 
from olher sources, but it was my wish to make rather 
a "Selection," than a collection. A very lai^e pro- 
portion has been extracted from the highly iTileresting' 
and valuable volumes of the TransactTons of tlie Geolo- 
gical Society; but these extracts niien lall short of 
their proper and original interest, since they are unac- 
companied by the splendid and lIlostrativL' plates be- 
longing to those volumes : whatever is unintelligiblO- 
without their aid, has necessarily been omitted. 



Works from whicli the following ^ Selection' has chiefTy 
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ALLUVIUM. 

^ 1. We begin with the newest dcposfte; with 
Chat which is found in almost every part of England, 
occasionally covering the summits of the more elevated 
tracts J but more often resting on their sides, and still 
more commonly forming the surface of low lands, some- 
times to a considerable depth, and effectually hiding 
from observation, the nature of the stratum on which it 
rs deposited. Alluvium occurs beneath the vegetable 
soil or mtould, and consists of the ruin, or debris, of the 
neighbouring rocks, or even of very distant strata, frag- 
ments of which are often enclosed in the gravel, or sand 
or loam, or mud, or silt of which this deposition Con- 
sists. Some of them enclose the bones of animals, not 
in a mineralized state, and occasionally shells, of which, 
it is remarkable that some have been found more riearly 
approaching those now existing in the sea, than such" as 
occur even in the newest of the regular strata. The 
name of this deposite is descriptive of its undoubted 
origin : Allu?ies, in the Latin, signifies a land-flood. 
Tliis term, however, might seem to confine the cause 
that has produced ruin of so great Qxteat' to the ancient 
agency of almost universal floods. But it is certain that 
there exist accumulations of some of the substances al- 
i^ady named, wfercH are not of ancient date, but that 
result from causes even now operating. Such are the 
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conscqacnces of mountain torrents and of rivers. These, 
carrying down the portions of rocks detached by the 
action of the atmosphere, or of water, sometimes leare 
accumulations of detritus which tend materially to alter 
the features of a country: and by reasoning on the 
smaller operations of nature, we are sometimes enabled 
to form an estimate of those which are on a larger scale. 
"While the earth is thus suffering a gradual decay, and 
its. ruin, is erentually carried by the rivers into the 
ocean, a spoliation is also in some places going forward 
on the shore by the action of the waves ;^ which on the 
contrary, in others, are throwing upon it sands, that, 
accumulating and hardening, become in process of time 
a substantial barrier to the sea. 

Our object is chiefly the alluvium which overlies the 
strata of England. It may not, however, be amiss to 
say, that on some of its boundaries, and particularly on 
some parts of the rocky shore of the northern coast of 
Cornwall, the oceiln has continued to throw up, from 
time immemorial, large quantities of fine sand, consider- 
ably calcareous in its nature, which has been observed 
to be here and there hardening into the consistence of a 
rock.f 

« On the coast of Somersetshire bordering the Bristol Channel, 
and for some distance westward of the river Parret, the remains 
of a forest is visible considerably below the level of the sea : it is 
uow only to be seen at low water. A description of it b given in 
the Sd vol. of the Geological Transactions, p. 380. Another on 
t^e coast of Lincolnihtie, is described in^he|Philosophical Trans- 
actions for 1799. " 

f On this subject we may hope to find an interesting memoir in 
the volume of Transactions of the Geological Society of Corawall, 
which u about to be published. 
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.^ 2. In illustration of the effects ascribed to rirerS) 
it is perhaps impossible to quote any facts more apposite 
than the following, which relate to the banks of our own 
liver^ the Thames; they are extracted from the 4th 
Tolume of the Traosactions of the Geological Society, 
li^heire they form an appendix to a yaluable communi- 
cation by the ReT. W. Buckland, on the Plastic Qay 
ftmnation. 

It is well Icjiown that at this time the waters of the 
Thames, from London to the sea, are upheld by dykes or 
sea walls. Within these dykes the rirer by its daily 
Sediment of mud hais^ so raised its bed, that even in ordi- 
nary tides the water is above the level of the meadows^ 
as far up as Woolwich and the Isle of Dogs* This ele^ 
vation of its bed is precisely analagoas to what has hap- 
pened near the months of the Po, the Rhine, and other 
iaitg^ rivers, which have been upheld for many centuries 
l^y einbankments. The following facts tend to illustrate 
the process that was going <m before the period at which 
these embankments were made. 

In the account given by Capt. J. Perry, about 100 
feun ago^ of the 8toppin|[ of thef breach made in the sea- 
walls Dagenham, abott twelve miles below London, 
that able engineer partitularly describes what he calls 
Btdor log. This, he says, was composed of vegetable 
aiatter heaped together^ but chiefly of brushwood, among 
which there appeared to be a considerable quantity of 
haael trees ; hazel nots were aiso found in the mass, but 
were easily crushed, the kernel beiAg entirely peri$he4^ 
There were also trunks of other trees, of which the yews 
were the least decayed; some of them measuring 15 or 
to inches in diameter. There were also willows two 
feet and upwards in diameter; they retained a whitish 

a2 
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colour like touchwood, and were softer than Ithe adja* 
cent earth or moor log. The moor log appeared at 
about three or four feet under the marsh ground, and 
differed, in thickness at difiereut parts ; at-Deptf^rd it 
was six' i^et thick ; at Woolwich Reach, opposite the 
ballast \^harf, it was between a^Tcn and eight feet thick ; 
its thickues3 as well as its breadth gradually increasing 
down the river. Beneath the moor log was a stratum of 
blue clay, and under this, gravel and sand. Stags horns 
-were likewise found in diiferent places, a little aboTC 
the rein of moor log. 

Mr. Derham's account of the Dagenham mansh land 
(Phil. Trans. 1710, p. 478), affords the following par* 
ticulars in addition to those given by CapL Perry, 

The stumps and roots of many trees were found in the 

same posture in which they grew, situated in a soil con- 

« 

sisiing of a black oozy earth, full of the roots of reeds ; 
the tops of these stumps were so worn that it could not 
be ascertained whether the bodies had been cut off by^ 
the hx, or broken by natural violence. The bodies 
themselves lay horizontally on the surface of the oozy 
earth, in confusion, but a northerly direction seemed 
most prevalent. They appeared almost all of them to 
have been alder, though at first they were supposed to 
be yew. Over the trees lay a covering of grey mouldy 
of the same nature with the sediment of the Thames at 
this day, varying in thickness from seven to twelve feet# 
Mr. Derham mentions the name of the following places 
in which he noticed traces of this subterranean forest* 
Dagenham, Havering, Rainham, Wennington, Purfleet, 
West Thorrock. 

I It happened a few years ago that in cutting the canal 
and basiBS in the Isle of Dogs, a subterranean forest 
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^ontaiQing. hazel nuts, with hazel and other treeil, wad 
discovered to lie under the bed of indurated mud, that 
forms the surface of that peninsula* - 

These data throw much light on the natural operationfA 
that wtte going on, between the period of the last re<^ 
treat of the diluvian waters, and that at which sea walT^ • 
hejgSLn to be erected against the rising waters of th6 
Thames. The isubstratum of clay and gravel mentioned 
by Cai^t. Perry, formed the first surface of the valley 
tincovered by mud ox water, and lying at a small eleva^ 
tiaa ajbrove the then existing high water letel of the 
fiver. The sediments of the river gradually raided its 
bed, and caused its waters to' spread laterally over the 
adjacent low lands ; first converting to marsh by inun- 
dationa at high tides, and at length completely burying/ 
by its daily sediment of mud, those tracts which in the 
early periods of the rise of the bed of Thames, had 
been quite dry and covered With extensive forests. The 
horn^ of stags that inhabited them lie on the surface of 
tlie moor log, which appears to be the wrefCk of these 
Knc;}ei!Kt forests, first converted to swamps as the water 
began to reach their level, at length wholly destroyedi 
hy the coYistant inundation of the ground on which they 
grew, and ^ill affording etidenec of their position and 
extent, in the roots and trunks that lie burled on th^ 
i^cnikce and iti the mass of the moor log, and over which 
a bed of mud ha^ subsequently btfett deposited by thds^ 
gradually rising waters which caused the destruction of 
the forest, (G. T. voU i^. p. 302—304.) 

§ 3. The immense beds of loam and of gfavel found 
every where beneath and around London, and especially 
on its northern dde^ are esteemed to be alluvial. Lon* 

I A3 
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don itself was built from the surrounding quarries o( 
loam or brick earth, which yet are far from exhausted,^ 
and almost every part of it north of the Tliames stands 
on a bed of gravel. Gravel also prevails almost every 
whe.e around it, sometimes being above, sometimes be*. 
tieath the brick earth. With this gravel almost all the 
great avenues to the city have been long repaired, and 
annually require repeated coatings of it. It may serve 
to convey some idea of the enormous quantity yet found 
in its neighbourhood to state, that on the first eleven 
miles from London, of one of the great northern roads, 
S2,000 cart-loads, each drawn by 3 horses^ were con- 
sumed in repairs in 1817. « 

§ 4. Gravel is commonly considered to be Chalk 
Hint, rounded by attrition, by the waves of an ocean 
which caused the destruction of some part of the upper 
chalk. This however, in the estimation of a geologist 
who has given much attention to the subject, does not 
appear to have been altogether the origin of our gravel 
beds in the neighbourhood of London* He finds that 
these pebbles sometimes differ greatly from any known 
chalk flint, and is inclined to consider them as having 
been once imbedded in a stratum which covered the 
liOndon clay, and which was carried off in one of the 
many revolutions to which the earth has been subjected. 
(G. T. vol. ii. p. 238.) He says, (p. 239,) But when 
we see rolled pieces of granite, of quartz and other pri- 
mitive rocks, occurring frequently in the alluvium of 
this part of the country, though so far removed from the 
places where these substances are in situ, we feel so 
assured of the extensive nature and violent action of the 
cause^that has occasioned such destruction^ that we need 
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not wonder if roany strata have been reduced to a state 
of impalpable division, and have been scattered over the 
surface, so that not a fragment remains entire ; or have 
been deposited in the depths of the ocean, where they 
may have formed new combinations that may at some 
distant period be exposed to view, and afiford matter for 
the contemplation of future generations. 

§ 5* The organic remains enclosed iu some of the 
alluvial beds, so plentiful around London, especially on 
the north, west, and east, merit particular notice. 

In the deep and extensive beds of brick-earth, at 
Ringsland on the north, belonging to W. Ilobson, Esq. 
were discovered not long since, two or three elephants 
tusks, which soon fell to pieces on exposure to the air. 

Tusks of a similar kind were found, a few years ago 
on the south of London, in the alluvium covering some 
beds of the plastic clay formation (§'39.) in a garden 
opposite to the chalk pit, at the base of Loam Pit hill 
near Lcwisham. These also soon fell to pieces on ex- 
posure. (G. T. vol. iv. p. 287.) 

On the west of London, near Kew, the bones of the 
hippopotamus, of deer, and of the elephant were some 
years ago found, in calcareous beds, between a stratum 
of sandy gravel and the London clay. (G. T. vol.i, 
p. 340.) 

On the east, have been found in an alluvial bed rest- 
ing on the blue clay of the Isle of Sheppey, the remains 
of the elephant, stag, and hippopotamus ; and at Walton 
in Essex, of the Irish fossil elk. (Parkinson's Org. Rem* 
vol. iii. p. ZQQJ) 

It is worthy of particular notice, that some of the 
beds of alluvial matter in Essex^ contain fossil shells^ 
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some of which are in remarkable preservation. TIik 
shells are found miogled with sand and graTel, the wfiolc 
forming a bed 20 or 30 feet thick, Ijing upon abtfi 
Id feet of blue claj', in Ihe cliff at Walton Naa 
Cok-hcster. Similar Ehells are also found in Suffolk x 
great part of Norfolk; also through Essex, Middlesex^ 
part of Kent and Surrey) and through Hertfordshire and 
also ill Bucklngliamshiro. (G. T. »oi, i. p. 330.) The 
greater part of these shells appear not to differ specifi- 
cally, as far as their altered slate will allow of deter- 
mining, fiom the recent shells id the neighbouring seat, 
(G. T, Tol. i. p. 332.) In this bed, and among the 
gravel and the shells, are frequently found fragments of 
fossil bones, which possess some striking pi^culiarities. 
They ara seldom more than half au inch in thickness, 
(wo inches in itidth, and twelve in length; always hav- 
ing this flat form, and generally marked with small dentt 
or depresBioiis, Their colour, which iS bi'ftwn, light 4 
dark, and sometimes inclining to a greenish tint, 
dently deriTed from an imprcgnatinn with lion. Fifl 
thii- impregnation they have also receiTCd a great ll 
crease of wciglit and solidity; from having been rolled 
they hare acquired considerable polish ; and on bdng 
struck by any hard body, they give a shrill i 
sound. These fragments, washed out of Ihe stratum i^ 
which they had been imbedded, are found on the bei 
at Walton, but occur in much greater quantities at £ 
wich. (G. T. Tol.i. p. 335.) 
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* ^ 6. The Ilertfordshirc puddingstone consists i 
rolled or rounded pebbies imbedded in siliceous matter- 
These pebbles, in the estimation of geologists, 
nuiuled chalk Hint, from which some of them differ al- 
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together in colour and appearance. Whence they hare 
been derived, or what is their geological place, is quite 
unknown, since neither the puddingstone, nor the peb- 
bles of which it is in part composed, hare been seen ia 
situ. It now lies above the chalk : masses of it have 
been found that appear to have been rounded by at- 
trition* i 

V 

§ 7. On the cliff, near G)mpton Chine in the Isle of 
Wight, consisting of the ferruginous sand, and not far 
from where that and the other strata dip beneath the 
chalk, there is a bed of sand and gravel, 8 or 10 feet 
thick, beneath which lie numerous trunks of trees, iso'me 
of them a foot or two in diameter : around them are 
found considerable quantities of small nuts, termed by 
the inhabitants Noah's nuts, resembling those of the 
hazel. Neither the wood nor the fruit is at all mine- 
ralized, but resemble the state of such substances when 
they have long lain in bogs and marshes. Among them 
have been found some phosphate of iron. It is worthy 
of notice, that no hazel whatever grows upon the isl^d. 

In the clifife of Swanwich bay, on the coast of Dorset- 
shire, a similar deposite of fossil wood is found under the 
same circumstances. (W. 152.) 

§ 8. From what has preceded, it 2Q)pears to be very 
questionable whether the immense beds of gravel over- 
lying the chalk, have been derived from its partial de- 
struction, or from that of other beds which once lay 
above it. That the chalk strata of England have suf- 
fered greatly since their deposition, is most evident, not 
only from the immense quantities of loose angular flints,. 
now lying in the hollows ^n their neighbourhood, bu:t 
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also from the large quantity of rounded pieces of chalk 
rubble, that are. to be seen ia some low situations ; as for 
iastance, in various places iu the lowest parts of the long 
range of cliffs betsveen Deal and Folkstonc, and in th« 
ueighliourhood of Brighton {\ 54). But the high cliff* 
near Folkstonc arc coTcred by a red siliceous sand, 
commonly intermixed willi clay, and frequently with 
mica, and enclosing masses of siliceous ironstone} a 
thick bed of Hints in fragments lies at the bottom of it. 
The newer alluvium rii the neighbourhood contains smalt 
fragments of ilints and small rounded masses of chalk. 

S 9. On the summit of the Gogmagog Itills, and on 
Uarston hill, which are five miles apart, and which are 
estimated to rise 800 feet above the rWer at Cambridge, 
a deposite of gravel and loose stones, in horizontal layers, 
has lately been found, resting immediately on the chalk 
of those hills. This gravel differs in so many respect! 
from the red ferruginous gravel found dispersed in palchet 
«Ter the gaolt {blue clay, or argillaceous marlc,) in the 
suhjacent fiat, that it ts considered to be a deposile of 
a different epoch. It contains numerous fragments of 
flfrata belonging to the oolite series, which occur in the 
neighbouring counties of Northampton and Rutland, 
surrounding Cambridge on the west and north-west. 
Pieces of basaltic rock are sometimes found, but IhC'se 
are not very common. These fragments are of all sizes, 
'and worn down in different degreex. Some are pebbles 
entirely rounded ; others have their edges merely blunted. 
Some ar« so tender, aad so little incapable of resistance, 
that it is diflicnlt to conceive how they hate been trans- 
ported without being entirely destroyed. The prerail- 
ing material of these masjee of gravel is the [nle bine or 
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light grey tarietj of flint, with numerouf traces of thQ 
alcyouiam^ or other similar bodies, in its substance. 

Among this grayel on Harston hill, which is conical^ 
and the sides of which are of naked grey chalk, were 
found pebbles weighing at least 8 ounces, bearing a closo 
resemblance to the toadstone of Derbyshire; a laiige 
oyster belonging to the bed which underlies the coral lag^ 
{one of the oolite series) and a large belemnite peculiar 
to the lower oolite. The outgoing of the toadstone, coral 
ragi and lower oolite is found only in a direction west; 
of Cambridge ; so that we are led to explain the accu« 
mulation of these alluvia by the agency of a powerful 
current flowing from west to east. ♦ (G. T. vol. iii.r 
p. «46.) 

§ 10. Thb bed of gravel on which Oxford stands, 
and which extends, with occasional interruptions, to the 
distance c^many miles in every direction, consists prin- 
cipally of fragments of coarse calcareous freestone and 
indurated portions of the iron^sand, of which most of. 
the neighbouring hills are composed. It also contains 
fragments of flints, which may easily be referred to the 
chalk strata^ situated at an average distance of from 12 
to 14 miles. As these constituent parts occur severally 

* From this, and probably from other deposites in similar situ* 
ationsi an ojHnion is I believe commonly entertained, that the last 
currents which swepi the surface of our island flowed from the 
voest •r Mortk-west, But it must be noticed that chalk flints are 
found in the alluTium near Oxford on the xoesterfi side of the chalk 
range (§ 40) ; that pieces of Hint are found in the quarry of 
Heavitree near Exeter (§ 147), which is considerably on the west 
of the western outcrop of the' chalk; as is also Chudleigh in 
Devonshire, near which flint pebbles are scattered over the sur* 
face of the ^usd m great quantities. (G. T. vol. i. p. 103.) 
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Q a. proportion corresponding to the prevalence anJ 
icinity of the strata from whence they have been de- 
rived, and a; tlie bed of gravel itself occnpics upon the 
whole the lowest level, there is no difficulty in admitting 
the probability that it was formed by means of water, 
which detached and wore down portions of the adjacent 
strata: but then, mixed with these fragments, the native 
beds of which are found ii the immediate vicinity, an 
found pebbles of quartz and of various rocks, none af 
which are kiwicn to occur uilhin a distance of 50 miks; 
and frequently both the size of these foreign fragments 
is larger, and their degree of hardness greater, than llinl 
of the native strata of the neighbourhood. In Baglcy 
wood, and on a part of Wytliaro hill, whieh plates arc 
situated about two or three miles to the west of Oxford, 
there is a coarse gravel at a considerable height above 
the level of the surrounding country, many of the mas«c< 
of whieh are each of several pounds weight; and ate 
apparently derived from a district aboanding in compact 
quartz rock, fine-grained micaceous gritstones, and ol>- 
scurely defined compounds of hornblende and feUpar; 
which last often assume a porphyritln character. This 
coarse gravel contains few, if any fragments of the neigh* 
boaring simta, and is altogether cf a character so di»- 
tinct from the gravel of the plain lielow, that it it diffi- 
cult to suppose the two are parts of the same lied ; but 
upon the whole it seems most probable that, however 
different in character, they must have been deposited by 
the operation of the same cause ; for in other spots tlio 
constituents of both are found mixed together. ( 
Among Oie contents of the Oxford gravel 
■ncnts of teeth and tuslcs and bones of clephaitl 
unes of the hippopotamus (unless 1 
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taken) ; and horns of a species of stag : an^ !n this 
respect the grarel of Oxford corresponds with many 
mmi!ar depositions not only in England but in tarious 
parts of Europe. It is remarkable that the surfaces of 
these btmes, &€• are sometimes in almost as complete a 
irtate of preservation as if they had nerer been moved 
from the -spot where the animal died. Thus there is in 
the Ashfmole museum a part of a stag's horn from this 
.gravel, in which all the natural groves or channels, iii 
which the blood vessels of the velvet of the horn for- 
merly ran, remain uninjured ; but the tip of a projecting 
branch near the root of the horn is worn quite smooth ; 
«s if (judging from the entire state of all the rest) the 
•attrition had taken place during the life-time of the 
animal. (K. 153.) 

In travelling from Oxford to any distant point, the 
character of the several gravel beds, occurring in thd 
way, alters according to the nature of the surrounding 
country: tj^us as you approach the chalk range, frag-^ 
ments of the strata immediately subjacent to the chalk 
appear, and the proportion of flint increases ; and im-r 
. mediately in the vicinity of, and on the chalk, the frag- 
ments of flints form more than nine«.tenths of the whole 
mass. Or if pursuing other directions, you travel into 
the central parts of the kingdom, you meet with gravel 
made up principally of the debris of the strata prevalent 
in those parts. (K. 15S.) 

§ 1 1. The ceunty of Nottingham, north of that town, 
and particularly the large tract called Sherwood Forest, 
is covered by an alluvium which at Nottingham and 
Mansfield, and at several intermediate points, consists 
wholly of sandj rounded qilartz, and other siliceous 

B 



FRESHWATER FORMATIONS. 

§ 15. For a description of these interesting forma- 
tions, and I believe aUo for a kno>vledge of their exist- 
ence in Kngland, we are indebted to a communication 
to the Gc^ologtcal Society ^ on the Freshwater formation! 
of the Isle of Wight, with some obserTatsons on the 
strata orer the chalic In the south-east part of England/ 
by Thomas Webster, M.G.S. inserted in the second 
volume of its Transactions. 

§ 16. The position of these beds in the Isle of Wight 
is above the chalk; and it is said that in the chalk basin 
of London, ihere are occasional appearances of a fresh- 
water formation. At Brentford, six miles from London, 
three' beds were found overlying the blue London clay ; 
upon it rests one, a few feet in thickness, of sand and 
gravel with water; upon it, a bed from one to nine feet 
thick, of calcareous loam ; above which is a calcareous 
loam or common brick earth. These three beds contain 
a vast collection of the bones of elephants both African 
and Indian, of the hippopotamus, the horns and jaws of 
oxen, the horns of deer, and both land and freshwater 
ihells. (G. T. vol. ii. p. 198.) 

§ 17. There are some appearances also of a fresh- 
water formation below the chalky in the Isle of Purbeck 
(§ 70), consisting of a series of strata of shelly lime- 
stone, known by the name of the Purbeck stone, alter- 
nating with shale and marie. Some of the fossils of 
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these stiuta strongly resemble freshwater shells ; they 
appear to be cyciostoma, planorbis^ &G, (G, T. vol. ilt 
p. 166.) 

§ 18. It IS to the Isle of Wight we must lo6k for fli 
knowledge of the freshwater formations above the chalk* 
Their characteristics are there perfect, and their position 
tleterminate : but in order that we may fully coropre* 
liend the nature of the evidence respecting these for* 
mations, it is necessary here to give some account of 
those with which they are connected in a very singular 
manner, and of those with which they alternate^ 

On the western side of the Isle of Wight, of which 
Alum Bay form» a part, there is a natural section of 
•strata of several kinds, represented by fig. 1 of plate 2| 
which is a sketch of that accompanying the paper already 
alluded to, in the ^ volume of the Geological Trans*r 
actions. On the southern extremity, the chalk is seea 
In nearly a vertical position, manifiested by the position 
of the beds of ftints ; next to the chalk is a bed of chalk* 
mafle belonging to the chalk formation (§ 45} ; on the 
Borth of "these are many coloured and vertical strata of 
sands, raarle% and elays^ 1131 feet wide, belonging to 
the plastic clay formation (§ ^3) y and close to these is 
a stratum of blue ciay, in every respect corresponding 
with the London clay (§ 28^^, except thaA here its po-^ 
sition is Mearly, if not quite vertical ; whereas this clay^ 
beneath and surrounding London, lies in nearly hori*^ 
zontal strata. 

It will hereafter be seen (§ 4S, 49) that there is good 
cause for concluding that the chalk and sands, together 
with this stratum of what is termed the London clay^ 
were at some very remote period thrown down from 



their natural, aud nearly horizontal position, to that in 
which they are now visible; and that jincc their fallf 
the nearly homonlal Strata composine; Ileadea hill, ' 
deposited in their present position. Regnrdiug i 
position, however, it may be adTantageous to roafeel 
remark, or two. We shall obiierve by 6g, 1, pi. 3, 
the northern line of separation of the Ijondon clay, frM 
a stratum of yellowish sand, is not quite vertical ; tbH^ 
the next bed of sand; forming the base of Headen hill, 
ai fur as it has been seen, is in a nearly horizontal posi- 
tion ; to which the beds overlying it, niorc and more 
approach as their distance from the base increases. We 
Bhall also observe that the southern terminations of thete 
heds are somewhat curved, or turned up; a circum- 
stance reasonably attributed to their having been de< 
posited, after the chalk and sands and blue clay bad, 
moit likely by Eome great subsidence of the strata oo 
ithtch fhey once stood, attained their present position. 

Headen hill is about ■100 feet high, being about twite 
(he height of the vertical cliffs of Alum bay. In tUa 
hill only, do we seo distinctly the alternation of marine 
and freshwater deposites. It is in a state of coostant 
rnin, and by its section affords lofty cliffs, where it* 
strata may be examined with the utmost facility. Fron 
the sandy stratum forming its base is taken a beautifullj' 
white sand, with which the manufactories of the belt 
flint glass are supplied. Thii sa:id moy be traced round 
the foot of the hill on the north side, and forms the bot- 
tom of Totland and Colwell bays, dipping gradually to 
the north. Over it lie> a horizantal bed of black clay, 
aboat'SS feel thick, containing fossil shells, uud some- 
linKB Belenite. (G, T- vol. ii. p. ia4.) 



^VfVti 



tghL FBESIIWATEH F0BMATI0N9. 19 

^ 10. On the bed of blue clay rests the Lower 
Freshaaler Formation, which therefore first claims itt-> 
tention. In Ileaden hill it consists of a scries of beds of 
sanJy calcareous and argillaceoua marlcs, soroctimea 
with more or less of a brownish coaly ina.tter. Some of 
them appear to consist almost wholly of the fragments 
of freshwater siicUs, many of which however arc auf- 
ficieody entire to ascertain their species. These are 
lymneus, planorbjs, and cyclostoma, and perhaps the 
hells, and a biralvc re&embling the freshwater mytilus. 
The beds are estren^ely iiTCgular, and are not to be 
(raced distinctly from each other for more than a few 
hundred yards, the remaining part being so hid by the 
mouldering slope, that the formatiou can only be ob- 
served in masn. It may be seen, however, esteadiiig 
round the north side of Headen into Tolland bay, where 
it forms the upper part of the cliff; and at the point 
called Warden -ledge, it is found in a more uniform and 
indurated state. In Colwell bay, it dips to the nortb, 
is soon lost, and is not to be seen any more on that 
side of Yarmouth. A black coaly matter is sometimes 
interposed between this formation and the blue clay on 
which it rests. (G. T. »ol. ii. p, 210.) 

§ 20. The Upper Marine Formation* is so termed 
because it is the uppermost stratum containing sca~shells. 
It lies upon the lower freshwater formation, which sepa- 
rates it from the lower marine formation. 

In this hill this formation is about 38 feet thick, and 
appears about half way vp the cliST. Its substance is 

• Eilcnave beds of marine thells enclosed in a red ferruginoift 
jand, arc fonnd in Norfolk and Suffolk above (be Londoo day. 

» es) 
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chiefly marlc nf a light greenish colour, and the r 
fossil shells it (.'ontaiiig are so numerous that they n 
bcgalheced bj baiidfuts, and are in general cxtrem 
perfect ; few oi them a^ree with those found i 
London clay. It is nepnrated from the upper fm 
water farmation by ft bed of sand a few inihes thkh.4 

Thia Btmtam passes all round Totland and Colw 
bays. In the latter there is a fissure called Bramhfl 
Chine, the banks of which belong to ihJ3 stratum; 
them is a large bed of fossil oyster-shells, the gre0 
part of which are locked into each nthcr ii 
way. This stratum may also be traced all round | 
north side of the Isle of Wight, and is vbible at CtnH 
Ride, and Dembridge 

The marine shells found in this stratum consist of IIm 
cerilhium, many species, and of cyclas, cytlierca, &c, 
(G.T. vol. ii. p. 215.) The shells of these genera, M 
numerous on the shore near Cawes, are derived from 
this formation. But the whole north shore of the island 
have been for ages in a state of coustant ruin by the 
action of the sea aod the sliding down of the soil. Iti) 
difficult therefore to find any part of the strata in their 
»rigiual situation ; on this account freshwater and marine 
shells are frequently found together in confusion. {G.T. 
^oL ii. p. au.)- 

^ 21. The Upper Freshaafer Formation* is sepa* 
rated fiom the upper marine formation by a bed of sioi 

■ Without iadulgiog improptrly that proprn«ity lo tlieoriu 
wbicli thew facti necCKWrily incite, wo are led by tliem to the 
conclutlun lurincd b^ their acute discnverer, thai the natur* at 
ibeie depotito.Jiguei there having been, atiotne remote period, 
USaa ol freih water wheie llieie itrata now lie, with which IwM 



six inches tliiuk. It h 55 feet thick, nnd is in great 
measure conijiosutl of a yellowish white marie, that does 
not CDdure the frosl, enclosing masses wtiicli are more 
indurated, and appear to contain a greater proportion of 
calcareous matter. This stone is dumbk-, and is cm- 
ployed for building. 

This slralum every where contains fresh wal^r shells 
in abuudance, without any admixture whatever of marine 
exuvte. They consist, like those of the lower freshwater 
beds, of several kinds of lymnei, helices and planorbes; 
and are extremely thiu and friable, 

On this lies a stratum of clay, 11 feet thick, contain- 
ing an unknown bivalve shell ; above wliich is another 
bed of yellow clay without shells, and upon it a stratum 
of friable calcareous sandstone, also without shells. 
Above the latter lies another calcareous stratum enclosing 
a few freshwater shells. These beds are occasionally Tery 
compact and of a porcellaiioos character. 

This stratum may be seen in many parts of the Isle of 
Wight, north of the middle range of chalk hills. On 
the western coast it does not eitenti further than Tot- 
laud bay, but occurs again at Warden point, forming 
the summit of the cliff. Numerous blocks of it lie loose 
in the soil in many parts about Cowes, Bembriclge and 
Biustead ; but in the neighbourhood of Calboumc, and 
between that place and Thorley, several quarries are 
opened in it, and afford escellent stone. The rocks at 
Eembridgc ledge and Whitecliff bay on the east side of 
(he island are referred to this formation. (G.T. vol. ii. 
p. 920.) On this lies the mass of alluvium forming the 
summit of Ileaden hill. 

altcrnucd irruptiutis of tlic ua. The horizontal pmiiion oflheie 
iheir being m iheir natural siaic, as well as the 
which [ire found in them in perffct pie^crvaiioa. 
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LONDON CLAY. 

§ ^2. This stratum consists of bluish or blackish 
clay, which is mostly very tough, and which contaiiis 
occasional beds of sand; or is mixed with greenish 
sand, or calcareous matter. It obtained the name of 
London Clay from its lying immediately beneath the 
gravelly soil on which London is built. It is sometimes 
termed Blue Clay. This clay rises to a considerable 
elevation in some places, as in Shooter's hill, Ilighgate 
hill, and Langdon hill a little south of Billericay ia 
Essex, which entirely consist of it, the first rising to the 
height of 446 feet, and the last to that of 620 feet above 
the level of the sea; and the hills which rise a little 
south of Waltham Abbey in Essex, and immediately 
contiguous to the London clay, if not chiefly consisting 
of it, attain the elevation of 750 feet. Boughton hill in 
Kent also consists of this clay. It forms steep cliffs in 
the Isle of Sheppey, and adding the height of these to 
the depth of the wells sunk in the neighbourhood ^ it ii 
calculated that the blue clay is in that place 550 feet 
thick. This clay lies beneath, and surrounds London 
for a considerable distance on the north, and still further 
on the east ; extending beyond Billericay in Essex : 
small patches of it occur on the east of Norwich. In 
many places it rises nearly to the surface, being but 
slightly covered by vegetable mould ; in others, con- 
siderable depositions of loam or brick earth, and gravely 
9Ccur upon it, and sometimes sand. 
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^ ^3. This deposite is by some geologists considered 
to be alluvial ; in other words it is by some supposed to 
hare resulted from the ruin of older rocks. If that were 
the case, we should in all probability discover some 
traces of such ruin in it, by the sinking of wells and 
other occasional openings. But. as it does not enclose 
fra^ients of older rocks, nor fossils belonging excln« 
sively to them, there is no such reason for concluding 
it to hare resulted from ruin. 

§ 24. It may be said that this clay is characterized 
by numerous fiat spheroidal nodules of argillaceous lime- 
stone, which lie in it in regular horizontal layers at un- 
equal distances, and generally from four to ten feet apart* 
These nodules are known by the name of Ludus Hel- 
montti or Septaria, from their being dirided across by 
partitions, or veins of calcareous spar. They furnish the 
material of which Parker's cement is made. In their 
carities, are found crystals of calcareous spar and Wl-- 
phate of barytes. The London clay contains inter- 
spersed through it, sulphuret of iron, selenite, and oc- 
casionally phosphate of iron ; hence, on account of its 
containing these salts, the water issuing from this stratum - 
is unfit for domestic purposes (G. T. vol. ii. p. 188.) 
The wells of London, and on the north of it, pass through 
the clay from 100 to 300 feet; and when at length the 
water is arrired at, it rises so rapidly as scarcely to 
allow time for the escape of the well-digger. At Lord 
Spencer's at Wimbledon, the well passing through this 
clay is 530 feet deep. The water which is perfectly, 
limped and almost absolutely free from salts, is there- 
iore what is termed sojt^ and is adapted to every do- 
mestic purpose, and, never fails. It rises from a stratum 
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of saod, which, as it is known to be interposed in some 
places between the chalk and the I^ndon clay^ ij bf< 
iiered to belong to the plastic clay fomiatioD. ^^ 

§ 35. The organic remains enclosed in the Lond^| 
clay are very numerous. In the clifife of Shcjipey htit 
been found the remains of crahs, lobsters, tortoixn, 
nautili, and the heads and bodies of liihcs ; most of 
which are mineralized by iron pyrites: 700 different 
fruits, or ligneous seed vessels have also been found in 
this ^stratum, very few of which agree with any kuown 
genera or species (G. T. vol. i. p. 338) ; and in the blue 
clay of Highgate hill, among other remaius, w»5 found 
ID % petrified state, the teredo navalis, or borer-, enclosed 
in the wood which it formerly htid pierced. 

This clay also eoulains volutte, rostellariae, fusus, «• 
lithia, and crabs teclh and bones. (Smith). 

The numerous vestiges of vegetables, as well u of 
aoimiJs, found in lliis stratum, whose recent anatogoci 
arc now seen only in tropical climates, involuntarily 
leads the mind to contemplate with wonder the altered 
condition of this portion of the globe. Have the law) 
which regulate the place and motions of this earth in 
the system of the nnitersej been subjected to change? 
Are there in these any sources of irregularity or gradual 
alteration, the proofs of which can be detected? these 
are questions for astronomers. (G<T< vol.ii. p. 2-lG,) 

^ 25. It is coiijeclnrcd that the surface of the Lon- 
don clay \Tas the residence of land animals, becaaae 
their borirs have been fonnd resting npon it ; not a 
vcilige 6/ Ike same remains have been fminil imbedded 
cither in the clii^, or in ary of our strata Ij/ing bftieatk 
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t^« The remains of an elephant was found at Sheppey ; 
of the elephant, stag, and hippopotamus at Walton in 
Essex, as well as of the rhinoceros, and> of the Irish 
fossil elk. 

Between a stratum of sandy gnurcl and the blue clay,' 
a calcareous bed was found near Rew, in which were 
discorered the bones of the hippopotamus, of deer and 
€d the elephant) together with a number of small fresh- 
water shells, and even snail-shells. (G. T. toI. i. p. 340.) 

§ 27. The tracts of London clay found in scTeral 
places in Kent, Essex, and Norfolk, not being con- 
nected with the stratum lying beneath and around Lon- 
don, are sometimes termed outlying masses. The whole, 
howeyer, is to be considered as one of the strata OTcr- 
lying the chalk, and deposited in a Tast hollow, which 
has been termed the Chalk basin of London, (§ 43). 
The clay does not rest immediately on the chalk ; for 
the. water supplying the wells in ^nd near London, rises 
from a sand which h considered to be a member of the 
plastic clay formation. We may therefore assume that 
the water of these wells percolates the sand of that 
formation, oyerlying the chalk on the west of London, 
and passing beneath the blue ckiy, forms one immense 
reservoir from which the wells are supplied. 

§ 2S. A deposite in all respects similar to the Lon- 
don clay, is also found in the same situation in the 
Chaik basin of the Isle of Wight (§ 43). Portsmouth 
is built upon it. In the dock yard, a well was sunk 
through this clay to the depth of 202 feet ; and another, 
about a quarter of a mile north of Portsmouth, 120 feet : 
but in the town, this stratum was perforated to the depth 
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of 360 feet without passing throogh it, or finding water- 
On the west of Portsmouth, it forms the cliffs between 
Lymington and Poole, and at Stubbington: and some* 
what on the east of Portsmouth it has been traced by 
Emsworth and Chichester harbours, to Brackeisfaam, and 
thence round Selsey Bill to Pagham harbour. Bognor 
rocks are considered as belonging to it, since they ea* 
elbse many fossils belonging to the blue clay, and 
although they appear to consist of a sandstone contalii* 
ing much calcareous matter. From Boguor to Brighton 
the shore in nearly flat, and the chalk lies at no gieat 
depth beneath the surface. In the Isle of Wight, the 
London or blue clay is seen forming the northerndHMt 
of the yertical strata in Alum Bay, (see Plate 3, fig. 1)^ 
though in a different position ; and the same day abo 
forms the bottom of the channel termed the Solent, 
which is between that island and the coast of Hamp- 
shire. In all its characters and fossils, this clay is fotind 
to agree with the blue clay which lies OTer the chalk in 
the counties of Kent, Surrey, Middlesex, and Essex. 
(G.T. Tol.ii.p. 168, 188.) 

§ 29. In the counties of Norfolk and Suffolk, there 
are very extensive beds of marine shells, imbedded 
chiefly in a ferruginous sand, and lj/i7ig above the Lon« 
don clay, which have been described under the name 
of Crag pits. Among the fossils which have been enu- 
merated as belonging to these beds, many agree with 
those in the upper marine formation iu the Paris basin, 
and others do not appear to differ from the recent shells 
of the neighbouring seas. (G. T. vol. ii. p. 218.} 

§ 30. The London clay is, in many places, covered 
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liy mn eirtensive bed of sand^ usually called the Bagshoi 
9muL It extends oyer Bagshot, Frimby, and Purbright 
heaths, in the county of Surrey, and that of Hampstead 
beath belongs to it. At Purbright, and many parts of 
the surrounding country, loose blocks of a stone are 
found, resembling those termed the Grey Weathers. 
This stone, composed of siliceous particles, cemented 
together without apy interrening substance, may be^ con* 
sidered as a granular quartz. It has more the appear- 
Mif e «f an ^riginikl formstioo, or peculiar cijstallizatioa 
fif iiUcopu? matter aoalagoufi to that of sugar, than to a 
subatanee ceiopofi^ of the detritus of other rocks. Ku* 
mermis large and loose masses of this rock lie scattered 
^ver the surface of the chalk country, particularly in 
BerlL^bire and Wiltshire, but a bed or continuous stilttom 
of it has not been observed. The huge erections of 
fteaehenge are chiefly composed of it. . Chalk JUnis are 
iOQiotimes imbedded in the grey weathers. (G. T. ipU 
ii. p< 224.) 
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PLASTIC CLAY. 

^ .11. The exiitcnce of thii formatUn atuire At 
chalk in England was firit discoTered hj T» Webfterj 
and an account of it forms a part of his lomlooua OMI* 
raunication on the subject of the strata lying orertto 
chalk, to the Geological Society, and published in ike 
Slid volume of its Transactions. This formation was so 
flamed in conformity with the term by which an aoalo* 
gous deposite has been designated by M. M. Cuvier and 
Brongniart, who discovered it overlying the chalk la the 
basin of Paris. By the term Plastic clay, wo might ka, 
at first sight, induced to suppose it to consist only off 
chiefly of clay, which does not appear to be the fact* 

§ 32* Viewing it on the great scale, we may oon« 
slder this formation as composed of an indefinite num* 
ber of sandy clay^ and pebble beds^ irregularly alier^ 
noting. Of these, the sand forms in England the most 
extensive deposition ; in wh/ch the clay and pebbles are 
interposed subordinately, and at irregular intervals. The 
occurrence of organic remains in the different beds of 
this formation, is, like the alternation of the strata com- 
posing il, exfcedingiy irregular: sometimes they occupy 
the clay, at other times the sand or pebbles, and very frc« 
ijucntly arc wanting in them all, (G, T. vol, iv. p. 299,) 
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^ 33. The immense number of vertical strata of sands, 
marles, and clays,* about 1 1 00 feet wide, and visible on 
the coast of Alum bay in the Isle of Wight, belong to 
this formation. (Fl. 2. fig. 1.) These strata extend' 
quite across the isle in a vertical position, keeping pa- 
rallel to the chalk, and appearing again at White Cliff 
l)ay on the east end ; where, however^ they are much 
concealed by grassy slopes. The sands, marles, and 
clays are of every possible variety and shade of colour, 
^viog to the cliff in Alum bay, which is about ^00 feet 
Jiigh, when viewed at*a little distance, a very beautiful 
appearance. The number and variety of these vertical 
layers is endless : they may be compared to the stripes 
on the leaves of a tulip, and are almost equally bright. 
On cutting down pieces of the cliff, it is astonishing to 
flee the brightness of the colours, and the delicacy and 
thinness pf the several layers of white and red sand 
(some of which do not exceed the eighth of an inch), 
shale and white sand, yellow clay and white or red sand, 
j^^ indeed almost ^ery imaginable combination of these 
materials. The forms of particular parts of this cliff, 
when viewed near, and from the beach, are often of the 
most picturesque and even sublime kind, resembling the 

♦ Patches pf Plastit clajf are frequently found over the chalk in 
diflFerent places in the south of England ; some of these are yellow, 
and are employed for the common sorts of pottery ; but ethers 
are white, or greyish white, and are used for finer purposes. The 
coarser clay is very frequently met with, nor arc the finer kinds 
of Tcry rare occurrence. In the Isle of. Wight r\vo species of plas- 
tic white clay are worked for the purpose of making tobacco 
pipes. A similar clay, which is used for making gallipots, is dug 
from the banks of the Medway. A fine light ash-coloured, nearly 
white clay, which is employed- in the pottery works, is also dug 
at Cheam, near Epsom in Surrey. (G. T. vol. i. p. 344.) 

c 3 
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weather-worn peaks of Alpine heights. The fact is, that 
the rain and weather has washed and worn away the 
softer parts, leaTiiig the more solid, sharp and pointed. 
(W. p. 160.) Among these strata arc included beds of 
a sort of wood-coal ; in some of which the remains of 
fruits and branches are still obserrable. It burns with 
difficulty and with very little flame, giving out a 8oI« 
phureous smell. A stratCim of sand, containing grem 
particles, frequently occurs near the chalk. Some of the 
strata most distant from the chalk, contain several layen 
of large water-worn black flint pebbles, imbedded in 
deep yellow sand.* These strata are bounded on the 
south by the chalk->marle and chalk ; and on the north 
by a stratum of blackish clay, analagous to the London 
clay (§ 28), and on the north of this is Headen hiU) 
which chiefly consists of alternating deposites by salt 
and fresh water (§ 18), in a nearly horizontal position. 
(G. T. vol. ii. p. 182 & seq.) 

Newport in the Isle of Wight is on horizontal strata. 
The organic remains which have been found in per- 
forating these strata to the depth of 200 feet^ are the 
same as those found in the vertical marles and clays ef 
Alum bay. (W. p. 178.) 

§ 34. This formation aj^ars also to overlie the chalk 
in Dorsetshire. All along the north side of the range of 
chalk hills which extend from Handfast point to beyond 
Corfe castle, there is an extensive stratum of pipe clay 
in a horizontal position. It contains a bed of coal so 
exactly resembling that of Alum bay^ that thb circnin* 

* See rcxnarku on tKc vertic^ position of these and the chalk 
•trau iaf 18. 
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stance, added to the quality of the clay^ and its position 
abore the chalk, is* sufhcient to identify it* The same 
stratum of clay, though not of equal quality, may be 
traced in the hills near Poole, and is found in many parts 
of that extensive tract called the trough of Poole. ( W.) 

§ 35. It is observed by T. Webster that this forma- 
tion appears at Reading (G. T. vol. ii. p. 186.) and u 
seen at the bottom of the blue clay in many parts of the 
London basin. (W. p. 26.) 

A very interesting communication on this subject ha» 
since been made by the Rev. W. Buckland, to the Geo* 
logical Society, and is published in the 4th volume of its 
Transactions : the following particulars are chiefly ex- 
tracted from it. 

§ 36. An attentive examination of the general points 
of resemblance in the substance of the clays, sands, and 
pebbles, forming these irregular alternations above the 
chalk, leaves no doubt as to their being members of one 
great series of nearfy contemporaneous depositions^ in-^ 
termediate between the chalk and the London clay. 

The organic remains enclosed in these beds, consist 
of oyster shells, the teeth of fish, cerithia, cythereae,. 
and cyeiades, together with chalk flints, coaly matter, 
selenites and fibrous gypsum, and leaves of plants, 

§ 37j But in order to present a distinct idea of the- 
nature of the beds constituting this formation, it will be- 
advantageous to quote one eitawple of the numerous- 
sections given in the Rev. W. Buckland'^s communication.. 
I select therefore that with whfch the author begins, 
namely^ thftt of the Catsgrove brick-tilns^ distant about 
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lialf a mile from the town of Reading, on the south>wefit| 
where the works have been carried on for more than a 
century , and at this time present the following section, 
beginning from the chalk on which these beds con- 
stituting the plastic clay formation rest. 

Section of Cutsgrove Hill. 

thickneu 
JV«. in feet* 

1. Chalk containing the usual extraneous fossils and 

black flints ...... unknown 

2. Siliceous sand mixed with granular particles of green 

earth, and containing both rolled and angular clialk- 
flintS) oysters, and many smailand nearly cylindrical 
teeth of fish from a line to an inch in length* - 3 
9. Quartzose sand of a yellowish colour with a iew 
small green particles, and containing no pebbles or 
organic remains .••-•• 5 

4, Fullers' earjh ----..-3 

5, White sand used for bricks - - • - 4 

6, Lowest brick clay of a light g^rey colour mixed with 

fine sand, and a little iron-shoe - - • - " 5 
7* Dark red clay, mottled with blue and occasionally a 

little iron*shot. It is used for tiles ... 6 

8. Bed called the White vein. A fine ash colored sand 

mixed with a small portion of clay and in some 
parts passing into loose white sand. It is used for 
brides - - - - - *,- - 5 

9. Fine micaceous sand laminated and partially mixed 

with clay, and occasionally iron-shot. It is used to 
make tiles .------4 

10. Light ash coloured clay, mixed with very fine sand of 

the same colour. It is used for bricks • • 7 

• There is not the smallest trace of aninud or vegetable remains 
in any of these strata above the chalk, excepting in the green sand. 
The same barrenness of organic remains is noticed in the purest 
beds of the French plastic clay, and by Mr. Webster (G. T. vol.ii. 
p. 200; in the plastic clay of the Isle of Wight and Corfe Cattle. 
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tkltinesi 
* in fed, 

> Dark red clay partially mottled and mixed with grey 

cuy •••••■••4 

Soft loam, competed in its upper region of fine yel« 
low micaceous sand, mixed with flakes of a delicate 
ash coloured clay, -which become more abundant 
in the deeper portions of the stratum, and having 
Its lower regions much iron*shot, and occasionally 
charged with ochreous concretions, and decompose 
ing noduiet of iron pyrites k is used to make soft 
biicks lor arches - - • - • -ll 

Total 57 

Alluvium composed of clay, sand and gravel, the 
gravel chiefly consisting of chalk flints, both rolled 
and angular, with a few pt-bbles of quartz, and of 
brown compact sandstone. This alluvium is co« 
vered with vegetable mould • • . • - •— 

"he oysters of No. 2 are remarkably perfect when first laid 
n, and seem to have undergone no process of mineralization ; 
f soon fall to pieces by exposure to air and moisture. The chalk 
ts contained in it arc many of them in the state of small rounded 
bles ; in others the angles are unbroken. Both varieties ar* 
ered with a crust of greenish earth of the same nature with the 
en particles in the sand. The angular flints appear to have 
n derived from the partial destruction of the bed of chalk im« 
liately subjacent, of which the upper surface in contact with 
sand is considerably decomposed to the depth of about a foot, 
its fissures and numerous small tubular cavities (the latter de» 
id appatently from the decay of organic substances) are filled 
h granular particles of the green earth and siliceous sand, the 
unbent stratum. 

[n other large quarries of brick earth on St. David^s 
I, west of Reading, and only a quarter of a mile dis- 
t from the Catsgrove, many of the subdlyisions noted 
the latter do not occur. 
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^ 38. This formation occupies much of the groQiid 
between Reading and Newbury, and is seen at Her' 
railage on the north-east of Newbury towards lianipsted 
Norris : whence a range of low hills composed of them 
stretches eastward towards Reading, and westward to 
Boxford, Wickham, and the neighhourliood of Hunger, 
ford, interrupted by vallies which are often cut doun 
info the subjacent chalk. 

The breadth of this deposition on the north and Moth 
of Newbury, h, from llecdon hill, six miles north on 
the road to IVIarket Ilslcy ; to Whitway near Highdere, 
four miles south of Newbury ou the road to Whit- 
church. Ou the west of this line, drawn Ibrongh 
Newbury north and south, the breadth o/ (he beiUoa 
the chalk is gradually contracted till they entirely ceiM 
near llungerford. (See Mr. Webster's Map, G. T. tol.ii. 
plate 10.) On the cast side of the said lino, Ihey OC* 
cupy the vale of the Kcnnct till it falls into Ihat of ifae 
Thames, near Resiling ; whence they eKtend eaRtwacd, 
■Ridening as they advanre through Surrey and MiddleseXi 
into Kent, Essex, Suffolk, and Norfolk. 






4 39. In many parts of tliis great Talley of cl 
which lias been termed the chalk basin of Jxndon, 
Heading beds are recognized in their proper pli 
the inferior strata of the plastic day fonnation ; thougli, 
with the exoeplion of the lowest bed, tbey do not agrtc 
in minute detail with those of the Reading section. 

Near London, these beds occur with well dclinol 
characters, at Blackheath, I^wisham, (luilton, Wool- 
wich, and on the east of Flumstead. In all these plaan, 
the thin bed next above the chalk, which at Heading con- 
s fishes tcclh and oysters, is composed 
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sttbstance of loose sand mixed with chalk flints, both 
n^ed and angular, and generally coated with a dailt 
green cmst ; but here they contain no organic remMnSy 
and seldom exceed two feet in thickness. Abore this 
thin bed, b a strattim of fine gndned ash-coloured sand, 
destitute of shells or pebbles, and rarjing in thickness 
general] J from thirty to forty feet. Thh stratum is sees 
fb the grearest adraatage in the Woolwich sand-pits, 
which present an enormous artificial section. In thia 
is a bed of blue and brown clay (next but two beneath 
the alluvium), which is striped and full of shells, chiefly 
cerithia and cytherese. The next bed of clay aboTe it, 
contains a few shells of the same species ; and the next, 
which is immediately below the alluvium, consists of 
rolled flints with a little sand, occasionally containing 
shells of the same species, and oysters, disseminated in 
irregular patches. In the middle one of three pits on 
Loam Pit hill,, near Lewisham, are three thin beds of 
clay, of which the upper and lower contain cythereas, 
and the middle one, oysters. In the upper pit, the 
lowest stratum, a brownish clay, contains cythereas ; a 
lead-coloured clay above it contains impressions of 
leaves ; then yellow Sand ; above which is a striped . 
loam and plastic clay, containing a few pyritical casts 
of shells, aad some thin seams of coaly matter. Then 
succeeds a bed of sand, on which lies an alluvium, in 
which have been found the tusks of elephants. (§ 5.) 

Similar bedg may be traced round the sloping terrace 
that bounds the north-west and south sides of the plain 
of Biackheath, the surface of which consists of a bed of 
rounded pebbles, resting on another of plastic clay, 
which supports the water of all the wells on Biackheath, 
and possesses the same peculiar dark red colour with 
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tbe plastic clay of Reading, Corfe Castle and Paris, and 
has been used for pottery.* Shooter's hill consists of 
the London clay. 

§ 40. From the forego! og, and other cireumstances 
detailed in the communication from which they are ex- 
tracted, it is concluded that the formaition of the plastic 
cJay extends oyer a large space in the south portion of 
tlie valley of the Thames from Reading to GraTesead. 
There are some appearances of it still further on the 
borders of that riyer, and eyen close to Margate.f 



* It is probable tbat the plastic clay contains at Blackheath, as 
at Corfe Castle, Alum Bay, and Loam Pit Hill, the renaini of 
Tegeuble matter in a sKite approachii^ to coaJ ; and that this as* 
cumstance has giyen origin to the erroneous opinion so prevalent, 
that there is good coal at filackheath, if governm«nt would allow 
it to be worked. 

The very high improbability of finding good coal above the 
chalk, is acknowledged by all who haye even the smallest acquaint- 
ance with the geological relations of the English coal mines. The 
presence of black vegetable matter in a state approaching charcoal 
in almost all our secondary argillaceous strata, has caused endless 
vain attempts to search for useful coal, in formations where the 
discovery of that substance would be contrary to all experience 
>n this cotmtry. No good coal has t believe been yet found in 
Sngland in any stratum more recent than the new red sandstone, 
or red rock marie. That of the Cleyelandi moors in Yorkshire 
being above lias and in the oolite fonnation, is of so bad a quality 
as scarcely to form an exception to thi^ position. (G. T. vol. iv. 
p. 289.) 

f On the authority of Wilson Lowry, Esq. I am enabled to state, 
that in some beds belonging to the plastic clay formation in the 
immediate vicinity of Margate, fossil bones have late'y been dii- 
eoTcred. 
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% 41. On tlie coast of Sussex, this formation is visible 
between NewhaVen and Beachy Head, in the cliff at 
Chimting Castle, half a mile on the east of Seaford; and 
also on the Castle hill at Newhaven. These portions of 
this formation, as well as others at the south base of the 
chalk hills of the southj^downi t>f Sussex^ appear to be 
fragments at the eastern extremity of the great series of 
Repositions above the chalk in the south of England, 
which are described as extending from near Dorchester 
by the Trough of Poole* and the New Forest to Ports- 
aouth, Chichester, and the flat coast on the south* 
east of Arundel. (G. T. rol. ii. and Map pi. 10*.) 
£tere they enter the English Channel, and just touching 
the coast with their outlying fragments at Newhayen and 
Chimting Cas|;le, appear again on the opposite shores of 
Fiance in the Same relatire position. 
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CHALK. 

S 4Z. The fbalk formation of England h reiy ci« 
tensive. The extreme points at which it appears on the 
west, are near Sidmouth and Honiton in Deyonshite. 
About twenty-five miles east of the latter place, an' 
cxtensiye range of chalk hills begins, extenfling in a 
north-easterly direction to the northern coast of Nor« 
folk ; and through Lincolnshire to Flamborongh head in 
Yorkshire, interrupted only by the course of the Hom- 
ber through it. 

From near Honiton also the chalk branches off to- 
wards the south-east to the Isle of Purbeck, and appears 
aj^aio ranging through the center of the Isle of Wight. 
Near Hungerford in Berkshire, another range of hills 
commences, extending by Alton and Rochester to the 
coast of Kent, where its natural section forms the cKfis 
between Folkstone and Deal. From near Alton still 
another range proceeds circuitausly to Beachy head. 

AVherever chalk appcaps, the hills consisting of it 
arc remarkable for their smooth rounded outline, and for 
the deep hollows or indentations on their sides. 

Near Royston it attains an elevation above the sea 
of 481 feet ; south of Dunstable of 994 feet ; south of 
Shaftesbury of 941 feet ; between Lewes in Sussex and 
Alton in Hampshire, various parts of the range rise to 
the height of between 800 and 900 feet, and the range 
between Alton and Dovcr^ between 700 and 800 feet. 



The hill on which DoTer Castle stands is 46Q feet abovq; 
the seB ; the cliffs near Folkstone are 5M) feet high, and- 
those sear Lyme in Dorsetshire are 580 feet. 

The organic remains found in the chalk deposite are 
Dumerotts. The forms of sponges are visihie both in the 
chalk, and in the flintt which it encloses. Appearancet 
of alcjonla are aho i^isifole. Echtnites are plentiful hoth 
ia the chalk and flint ; the shell is commonly replaced 
by carbonate of lime. The teeth and palates of fishes 
are not rare. Fragments of a large striated shell termed 
the inoceramus aire yery plentiful, and among other 
shells occur ostrese, plagiostoma, pectiues, terebratulsr, 
and casts of laige ammonites ; in the grey chidk, the 
casts of nautili ; and I hare lately found near DoTer^ 
the cast of a shell in flint, which is considered to be tho 
teredo navalis ; belemnites in^some places are not un^ 
common* 

% 43. It has been ascertained, in many places, \that 
the chalk of the long range of hills extending from Hun- 
gerford in a north-easterly direction to the coast of 
Norfolk, dip towards the south-east, passing beneath 
the sands and clays of Berkshire, Middlesex, Essex, 
Suffolk, and Norfolk. It is also known that the range 
fromT Hungerford to Margate in Kent, dip under tho 
same sands and clays in a northerly direction. IJence 
it is concluded that all the sands and clays lying withia 
the triangle of which Cromer, Hungerford, and Margate 
may be said to form the points, lie in an immense hollonf 
in the chalks whfch is supposed to puss beneath the sea 
between Margate and Cromer. This hollow or depress 
sion in the chalk has been termed the Ckulk basin qf 
Londofi. 

»2 
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Another depression of the chalk occurs on the South* 
em Coast, which also may be said to be comprehended 
in a tnangle, of which ^e northern point is a few miles 
ou the east of Salisbury. From that place, one side 
extends south-west to near Blandford in Dorsetshire, 
another south'^east to near Brighton in Sussex, and the 
third extends from Brighton to Blandford, ranging 
through the centre of the Isle of Wight. This depreisioa 
is termed the Chalk basin of the Isle of JVighi* All 
the beds within that basin, are abore the chalk. 

An inspeetion of the Map might induce the siippo* 
Fition that there exists still a third basin, comprehended 
within a triangle, of which the points are Doyer, AltoD, 
and Beachy head. Within this space howerer, the 
strata arc not above, but below the chalk, being the 
same with those on the west of the chalk range between 
Hungerford and Salisbury, namely, the iron sand, bine 
marie and green sand ; which therefore, it is concluded, 
pass beneath the chalk. So that, a depression in these 
strata contains the chalk between Alton and those places* 
(See pi. 2, fig. 3.) 

^ 44. The chalk formation consists of sereral strata, 
or beds, of somewhat different characters. These have 
been variously designated. By some, three varieties 
' only have been distinguished ; namely, the Upper or 
JFiinty chalk ; the Chalk without flints ; and the lower- 
most stratum, which, being of a grayish colour, is termed 
Grey chalk : others separate the flinty chalk into two 
beds; the uppermost containing numerous flints, lying 
upon the other, which contains but few : in some places 
this distinction is well characterized. That all the beds 
are of one formation has been ascertained by their con* 
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• 

taining Dearly, if not quite, the same organic remaini. 
In SGBoe places there lies npon the chalk, aft well ajs bew 
neath it, a stratum which, as It consists of chalk inters 
miogled with some argillaceous matter, is termed Ckalkm 
marie. 

Of tha many formations which consist of numerous 
beds, there are few, if any, that, throaghout their ex- 
tent, exhibit all the beds which properly belong to them* 
This is remarkable in the chalk formation. In most 
places, the chalk-marle is wanting ; in maoy, the grey 
chalk ; in seme, the upper chalk. In no one place, that 
I am aware of, hasrthe whole series been seen. But as 
yet wer have by no means a sufficient account of this 
CKteMire deposite. In some places it has been pretty 
Accurately examined. I shall begin with an accoui^ 
of the marie. 

§ 45. Chalh^marh lies above the ckaUc in ihe Isle of 
Wight ; or rather, it is interposed between the nearly 
vertical chalk of Alum bay, and the vertical and many 
coloured beds of clay, sand, &c. constituting the for- 
mation termed the PlagUc day (Plate 2, fig. 1.) But I 
aoH not aware of its having been seen above the chalk ia 
any other part of £|»g)and. 

BeiotD 1^ chalk, i^e chalk-Marie is of pretty exten* 
sive occuFrence. It underlies and crops out on the south 
of the central chalk range of the Isle of Wight : it also 
wderliea the chalk range of Dorsetshire from Handfast 
point to Lulwwth.* It consists of chalk and an inti* 

* The green sand, blue marie, and ferruginous sand underlie 
the chalk marie, inf^the order in which they are mentioned, alon^ 
the whole course of both these ranges; the latter fomungth^ 
plaiiit en thdr soujh. (W.) 

p3 
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mate mixture of clay, and may readily be dJatingaished 
from the chalk, by its fiilling to pieces on being wetted 
Did dried again (W. p. 236,) It is iieier quite so while 
■as chalk, having generally a tinge of yellow, and some* 
times of grey or brown. It also contains nodules <w 
beds of 3. raore indurated marlc, which is usually called 
grej/ chalk from its dark colour. Like all argillaccoui 
limestoueg, it possesses in a coniiiderable' degree the 
property of setting under water, when calcined and made 
iulo mortar, and was used in the building of the l»ndou 
Docks. It is also used as a manure. (G. T. toI. ii> 
p. 174.) Chalk-marle of a white colour, forms thv - 
superior stratum of St. Catherine'^; Down lu the Isle «^ 
'Wight, lying in a horiioulal position. It also lies flM^ 
tbe top of the underclilf of that i«le, the whole of tht ' 
way, but is of variable thickness : opposite to Old I'ark 
it is highest, and it may there be distinctly seen that it Is 
Stratified, the strata being horixontal (W. p. 1J3.) 



5 46. The Upper or Fliali/ chalk appears 1 
considerable part of the large tract of England 
by the chalk foruiation, though its liaiits are by no 
means ascertained. If is however so nearly universal, 
that where it is wanting, it h commonly considered to 
have been destroyed, or carried away by Eome of the 
numerous coniulsions to which there esist so many proefi 
that the earth has been subjected. Almost every where 
jn tbe neighbourhood of chalk hills, the alhiTium con* 
lists in part of iliuta more or less rounded by attrition, 
some of which still retain the white coaling common 
to chalk Hints. In the inrerior of England, occasional 
openings discoicr the prevalence of the llinty chalk, but 
it is «u the coasts that we must look for the more de- 
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cided characteristics of this extensive formation. We 
have no description of the chalk cliffs of the north of 
England, but those of Dorsetshire and the Isle of Wight 
especially^ have been described » The cMffs ef the 
neighboorhood of Dover are scarcely inferior in interests 

§ 47, The common position of the numerous beds of 
flints in the upper chalk is so nearly hoi^izontal, that we 
jnay conclude the natural position of the chalk strata to 
be nearly Jl€tt* A remarkable deviation from this general 
rale is however observable in the Isle of Wight, and oa 
the coast of Dorsetshire ; for on their coasts the beds of 
$int are nearly^ verticaL 

§ 4S. In the admirable letters to Sir H. EhglefietJ 
by T. Webster, we have an excellent account of the 
chalk of those places. The central range of hills of the 
Isle of Wight, from White Cliff bay on the east, to Alum 
bay on the west, consists of nearly vertical strata of 
chalk (see Plate 2. fig. 1.) In both those bays, the bedk 
of flint are nearly in that position ; which, many cir-^ 
Gumfttance» contribute to prove, is not the natural po«^ 
Bition of that range. The flints are not whole ; but 
even while lying in the chalk, are cracked into numerous 
pieces, which has never been observed when the flints 
are in horizontal layers; and the vast number of strata 
of sand and of clay, lying on the north of this range, are 
alsa in a vertical position ; but these strata, which belong 
to the plastic day formation (§ 33^), lie in the contrary 
direction in other places. Hence, it is concluded that 
this chalk range has been thrown down, either by sub- 
sidence on the one side, or elevation on the other, tOi- 
gether with these now vertical strata of sands and clays^ 
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from their natural position to tliat in which they now lie. 
A conclusion of the utmost probability. 

§ 49. The almost Tcrtical chalk range of the I«le of 
Wight, IS nearly on a line with the chalk range m the 
same position near the coast -of Dorsetshire, and extend- 
ing from Handfast point to Lulworth. At Handfast 
point the face of the cliff presents a renarkable cmi^ 
figuration of the chalk strata. On the north, these strata 
are nearly horizontal, but they rise with a regular cone 
forming about a quarter of a circle, lying upon chmlk ia 
nearly vertical strata, ft is^ so impossible that descrip* 
tion should do justice to this extraordinary fact, that I 
annex a sketch taken from one of the plates accompanying 
T. Webster's letters to Sir Henry Engle^ld, and pub- 
lished it his splendid woik, the ^ Descnption of tiie 
Isle of Wight,'* 

• In the ^halk at Bat's Corner and White Nore, oa the CouC 
of Dorsetshire, Fome raiies east of Weymouth, some eztraordiparf 
contortions of the strata are visible. Yiews of this part of the 
Coast are given in the \vork above quoted. 

The haxdness and specific gravity of the vertical chalk at Hmd- 
fost Pointy are ro considerably superior to the chalk of ocbcr 
places, that it has been sometimes called white limettoaei aad 
considered to belong to a different formation, but its orgaaic re* 
mains, and its connection with the green sand and other stritai 
almost every where underlying chalk, shew their identity. 

If we still extend (>';r consideration to the middle chalk range, 
of the Isle of Wight, and compare its direction with that on tbt 
Coast of Dorsetshire, and if moreover we consider, that the • 
strata of both are vertical or nearly so, we shall coincide ia opi- 
nion wit. I Si H. Englefield, that these two ranges were once in 
connexion ; and that they have been separated by the sea at some 
remote period. 



Coast of Kent. 



In the TCrlical ttrata, the ilintti, itislead of being no' 
iaUTy consist of ghitrp fragments lying in detached masies 
orgTonpa: while those in the nearly horizontal strata, 
are, as is usual in the chalk of many pnrts of England, 
in nodnles. It may be argued from these facts, that, 
from some cause irith which we are unacquainted, the 
vertical part of the cliff had fallen fram its natural po- 
tition, previonsly to the deposition of the carved strata. 
The nearly vertical strata have been traced almost the 
whole of the way from Ilandfast point to Lulworth. 

Neit to the Tertical strata of the Isle of Wight, on the 
north, and between the chalk and vertical sand, &c. ii 
a. stratum of chalk-marle (PI. 2, tig. 1 .) On the south, 
are nearly vertical beds of chalk without flints' (not 
visible in that figure) ; then succeeds chalk-marle ; then 
the green sand, and the blue marie. These are visible 
on the southern coast: and each stratum declines more 
than the preceding from the perpendicular, until the 
latter reposes on nearly horriontal strata of the iron 
Band. (See &.T. vol.ii.pl. 11.) 

^ 50. The chaik cliffs between Deal ami Folkstono 
are extremely interesting. A short distance on the 
west of Deal, tlie chalk with numerous Hints rises from 
beneath alluvial sand, and continues io rise, constituting 
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the whole cliff for about fiye mih«^j namely as far as St. 
Margaret's Bay^ where the summit is about 150 feet 
aboye the sea. West of that place, its rise is gradual as 
far as the cliff aboTe which Dover Castle stands ; and 
the greater part of it, beneath the castle, consists of the 
chalk with numerous flints ; but the lower part of the 
bed is full of oi^anic remains ; of sponges and echinites, 
&€• of which the traces are visifile on the surface of the 
cliff, projecting from it in the form of knots of a colour 
smnewhat darker than the chalk itself. The beds of flint 
between Deal and St Margaret's Bay, are numerous and 
thin ; but between the latter place and Dorer they in* 
crea^ in thickness ; and the flints are not nodular, bat 
form beds of irregular thickness, with occasional cavities* 
The lower part of the cliff, beneath the castle, counts 
oiehaik with few flints J in which lie some beds of soft 
chalk-marle ; which, as it falls away by exposure, leaves 
crevices by which the stratification is easily traced* 
These crevices rise from the beach midway between St» 
Margaret's and Dover; are visible beneath the castle 
about one-third of the way up the cliff; are agaia seea 
io the cliff at the back of the town at a higher elevation, 
and again near the summit of Shakespeare's cliff on the 
west of Dover ; proving the regular stratification of the 
chalk and its gentle dip. The low cliff commencing on 
the west of Dover, consists of a stratum of chalk coa« 
tuning numerous beds of sponges, and other oi^ganic 
remains, but no flints : this bed forms the great body of 
Shakespeare'^ cliff, from the base, to where it underlies 
the chalk witn few flints near the summit, and con- 
tinues to rise for live miles westward ; until, near Folk-^ 
•tone, where the cliff is 550 feet high, it forms tho 
greater part of the upper half. Immediately at the foot 



<>C Siakespeare's' cliff, « new atratvin rises from the 
beac^ consisting of chalk, also mthout JUnU^ caBtaia- 
iiig few org^flic renaips, and about 50 feet thick ; it is 
0fi|Mrated from the superincumbent bed, by a bed of 
narle^ which may be seen with little interruption for 
£▼0 miles. A little on the we^ of Shakespeare's cliffy 
the gr^ chalk rises, and may be traced to where the 
kigh cliti terminates aboire Folkstone. This chalk is of 
a grey colour, is softer than common chalk, contains 
some alumine, and the same kind of organic remains as 
are commonly found in chalk, and some thin beds of 
sandstone, but no flints. But it is impossible to discorer 
the thickness of this bed, for though the cliff near 
Folkstone is 550 feet high, a most enormous and pictu* 
resqftte ruin covers its base. It is howerer probable that 
the chalk there rests upon a bed of blue marie (^ 59^ 
note), and that the giving way of this stratum has been 
the cause of the ruin. The marie is seen lying on the 
green sand at Copt Point near Folkstone, and at places 
between that point and the chalk hills^ In the clifls 
east and west of Pover therefore, we have all the mem- 
bers of the chalk formation, except the marles ; which, 
in the Isle of Wight, lie above and below the chalk 
properly so called. 

§51. The chalk of Cambridgeshire is described as 
•consisting of two Vcurieties ; the upp^r containing the 
common black flint in abundance^ and the lower or grey 
tkalhy^ which contains little or none. If a line be drawn 

* Grey chalk is found below the chalk without flints near 
Arreton Church, not far from Ryde m the Ide of Wight, and 
alio at Ouildford and Dorking in Surrey; It w, in foct, in these 
places, an indurated chalk-<marle or aygiUaceoat lizaotone (W. 
p. 177) but difler» from the gvey chalk of Dover. • 
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from Rojston by Balsbam to Newmarket, it will pretty 
exactly define tlie limits of both Tarieties; tlie liiJls lo 
tlie eastward of it being composed of the upper beds, 
while those to the west, consist of the lo«er or grey 
chalk, which composes by far lie greatest part of ihe 
Iiills of Cambridgeshire. It is cousiderably harder thau 
common chalk, and its colour is usually some shade of 
grey. Its proTioeia! name is clunck, and it yields the 
beat lime. Some of the beds are hard enough to scrte 
the purpose of baildiug stone. It also endures the fire 
well; and is used, like tliat of Ricgate and Measham 
in Surrey, for the backs of grates. In (he northern 
extremity of the Cambridgeshire hills, the chalk appcart 
to rest upon an extensiTc bed of blue clay, termed gault, 
but there is no deuiaive line of separatioo between them 
(% 60) ; they are considered to pass into each other fcy 
degrees, the loner beds of the grey chalk becoming more 
sandy, and assuming gradually the nature of an argilla* 
coous loam. (G. T. vol. iii. p. 243, & geq.) 

^ 52. In the Wolds of Lincolnshire, the chalk con. 
sists of two colours, red and white, each lying in regular 
strata, tlie red being generally undermost ; in the whit*-, 
seams of flint are frequently met with from two to six 
inches thick. The chalk rests upon a roarse brown 
pebbly sand without organic remains, consif^ting of 
quartz and oxide of iron. (G. T. *oI. iii. p. 394.) 

4 S3. The beds of flint occurring irt chalk do ttOt 
always consist of separate nodules, but hare been ob* 
ECtfcd in many pUccii foimiug continuous and nearly 
JIat tabular masses or layers. Between Deal and St- 
Margaret's Btty, I hate traced one lajcr for aboat mv 



miles along the cliff; it no where e?cceeds an inch and a 
half in thickness ; and another layer about half an inch 
thick for about a mile. Sometimes howerer the flint b 
seen in veins nearly yertical, or not greatly differing 
from that position. 

In the chalk pit on Arreton down, near Ryde In the 
Isle of Wighty flint t>ccurs in laminse which chiefly oc- 
cupy the diagonal fissures that cross, at various angles, 
the general direction of the strata, dividing the whole 
into rhomboidal forms. (W. p 176.) 

§ 54. That the chalk strata of England hate suffered 
much injury and ruin, is eyident not only from the im« 
mense quantity of flint lying in the alluvial matter in 
their neighbourhood, but also from the great deposites of 
rounded chalk, or chalk rubble^ seen in many places, 
filling up hollows or intermixed with other alluvium. 

The mass of chalk rubble forming the. cliffs at 
Brighton, and on which there is reason to suppose that 
the town is built, rests, on the east of the town, on a 
bed of shingles or rounded stones of considerable size, 
varying from eight to ten feet in thickness. This bed 
consists chiefly of flint, but contains rounded masses of 
granite^ slate^ and porphyry^ strongly cemented to* 
gether by stalactitical matter, being carbonate of lime 
well crystallized, and formed probably by the inflltra* 
tion of water from the overlying bed of chalk rubble. 
It thus constitutes a hard breccia, which, in the large 
masses lying upon the beach, resists all the force of 
the waves. It contains within it small beds of fine 
white loose sand. The bed of shingles, about a mile 
east of Brighton, is seen resting upon chalk, containing 
tiodulesand continuous veins of flint j the latter iiit«r- 

£ 
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sectiog it la all directions, from the horizontal to the 
perpendi£ul9,r. The chalk rubble is described as as^ 
suming bi/ degrees a more regular aspect, and as haTing 
the appearance of chalk about half way between Brighton 
and Rottingdean : so that the upper part is said there 
to contain two layers of flint, lying in their natural bed 
of chalk. Still the bed of shingles may be obserred^ 
but is much thinner than on the west, being only a few 
inches thick ; but one circumstance described as happen* 
ing at this'place is very remarkable — namely — that some 
eblique veins ofjlint traversing the chalk from the base 
of the cliff to the two horizontal veins near the summit^ 
pass through the bed of shingles. The chalk aboye the 
shingles, again assumes the appearance of chalk nibble 
in approaching Rottingdean, and some remarkable con* 
tortious of what are said to be strata of fliut, appear in 
its neighbourhood, especially on the east of it. (R. I. J» 
No. viii. p. 227.) 



GREEN SANO. 

§ 55* Thb stratum hai received the name of Green 
Sand from its containiag little round masses of a green 
substance) having a considerable resemblance to chlorite^ 
which sometimes are so numerous as to gire a green 
tinge to the aggregate of which they form a part. It k 
sometimes considerably compact and hard, bearing the 
characters of a sandstone rather than of sand. 

Though the geological position of this rock is imme- 
diately beneath the chalk, it has not yet been ascer- 
tained with certainty to what extent it accompanies the 
immense chalk deposite of England. It has been seen 
in many places on the western side of the chalk range, 
extending from Dorsetshire* into Yorkshire, but it is best 
observed on the coast ; as of Dorsetshire and Kent,, and 
of the Isle of Wight, It has been seep cropping out 
from beneath the chalk range bordering the Isle of Pur- 
beck, and the central range of the Isle of Wight ; and is 
also visible on the southern side of that isle. The pier 
of Foikstone in Kent is constructed of masses of green 
sandstone ; which lies in regular layers in the green 
fand, on which Foikstone is built. 

For the account of the characters of this stratum we 
are indebted to the very interesting letters of T. Webster 
to Sir Henry Englefield, as well as for almost the only 
information that we possess of the succeeding stratum — 
the blue marie. The fossils commonly found in the 
green sand, are, akyouta, venus, chama, pectines, terc- 
bratulae, echini, (Smith) ; large ostres sometime>» abouaxl 
in the sandstone, or in the chert it encloses*. 

£2. 
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% 56. The green sand consists of siliceous sand some* 
timefl united by calcareous matter, and enclosing mica 
and green earth. But the latter is sometimes greyish : 
the two colours passing imperceptibly into each ot)ier. 
It is found in the wealds of Kent and Sussex, at the foot 
of the chalk downs, and is dug at ilyegate and MeiA HV 
sham for ^r est one. It is seen also at Folkstone, Beachy 
head, the CuWer and Compton bay in the Isle of Wight; 
Si Pewsey in Wiltshire, &c. Alternating with it are 
often beds of limestone, as at Maids^tone in Kent, where 
they arc called Kentish Rag^ also at UnderclifT in the 
Isle of Wight. Beds of chert occur In it j it abounds hi 
organic remains. (W, p. 237.) 

§ 57. In the Isle of Wight it consists of siliceooi 
sand, mixed with mica, green earth, and a considerable 
quantity of calcareous matter. In the upper part, there 
are a great number of irregular layers of chert, alter- 
nating with the sandstone, with which it is sometimet 
mixed in a yery singular manner. Between some of tht 
layers of chert, the sand is white and perfectly loose; 
in other places, it is more or less cemented by calcareont 
matter. The sand and chert are in some places inter- 
sected by numerous veins of chalcedony. About 50 feet 
from the top of the cliff on the southern side of the 
island, there is a bed of sandstone about four feet thick^ 
which extends all along it, overhanging the t^ndl^ci^ 
It is a good building stone, is soft Vvhen first taken out 
of its bed, but hardens by exposure. All the ancient 
Gothic churches on the north side of the island, have 
been constructed of it. Below this bed, the sandstone 
]« soft, and unfit for building. The remaining part of 
the stratum cucloses beds of limestone of a bluish^ and 
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sometimes of a reddish colour^ and layers of flattened 
nodules of the same substance. In the Isle, this lime- 
stone is called Rag i it is identical with the well known 
Keniish Rag^ The calcareous matter which is mingled* 
with- the sand in the freestone^ and which forms its 
cement^ is generally white and very friable, but some-- 
times, as at the M^stern lines, it is crystallized,, forming 
with the saud' a greenish grey rock. When this is the 
easCy it is scarcely acted upon by the waves or the wea-- 
t)ier^ On masses of this, rock, on the shore,^ are the 
fiorm» in relief of a^ fossil organic body, supposed to be a* 
species of zoophite, or animar possessing a vegetable^ 
form,.^and is the same described in the second volume' 
of the Geological Transactions under the name of al^^ 
cyonium. (W. p. 148 8c seq.) 

The remains of the alcyonium resemble in some cases^ 
enly the branches of trees^ varying from half an inch to> 
three or four inches in diameter, and consisting of sand-- 
stone of the same kind as that in which they are im«- 
bedded, but the part resembling the bark, being sonie-* 
what harder,, projects above the surface; sometimes^ 
these branches are terminated by bulbous heads, and^ 
even occasionally exhibit the appearance of roots.- These^ 
are numerous about Ventnor Cove, and in various parts^ 
ef the uudercliff.. At the western lines also,, varieties ofi' 
the same fossil are plentifully found on the surfaces o£ 
the rocks belonging to the green sandstone formation^ 
which slid down into the sea at the time when the great 
£%ilure of the sratum took place which occasioned the.* 
undercliflf. (G. T.- vol.ai. p. 377 & seq,> 

§ 57.* In the nei^bourhood of FolkstonCy. the^ 
green sand encloses beds of sandstone,, dipping gently^ 
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to the north-cast, and in that respect agree with the 
stratification of the ch&lk of the neighbouring hilh, be- 
neath which the sand passes. It docs not appear how- 
ever to be immediately in contact with the chalk ; for 
there is reason to beliere that, in the vicinity of Folk- 
stone, and there only as far as has yet been obserred, a 
bluish marie is interposed. This marie encloses a vast 
number of shells, exhibiting the nacre in high perfectioD, 
and even some shells that have not been observed in any 
other stratum (§ 59. note). The sandstone encloses 
masses of chert, the stems of alcyonia, large oyster shellSji 
and various other organic remainSi, 



BLUE MARLF. 

§ 58. This marie, as its name implies, is of a hluer 
colour^ or of a bluish black. It contains very few fossils*. 
(W.. 237) Its geological position is betwieen the greeo; 
sand and the ferruginous sand. 

It lies between them from a little to the south-west 
of Salisbury to the north-west coast of Norfolk, though 
not without interruption, which prrncipally takes place 
in the low swamps of the Isle of Ely. It scarcely ap- 
pears in the northern parts of England'. It is the blue 
niarle of ShotoTer hill in Oxfordshire, in which are found 
the fine crystals of setenite 'y but in general it attains 
but little elevation ; more of^en it is low,, as may be ob#> 
served in the vale of Aylesbury in Buckinghamshire^ 
and in that of the White horse in Wiltshire. It forms a 
tenacious soil, remarkable for the growth of some of the- 
finest oaks, (S. p. 43.). It contains belemnites asd. 
ammonites. (^Smith.). 

§ 59. It may be seen under* the green sand very 
distinctly in the Isle of Wight; as at Sandown Bay, 
many parts of the UnderclifT, Niton, and Compton;. 
(W. 237.> 

♦ A blue marie is found near Folhtone in Kent, which does not 
appear to belong to this formation ; since, instead of lying leneathy, 
it lies uj^H the green sand : and as this blue marie, which contains 
a great number of organic remains and shells, encloses some shells 
which have not been discovered in any ether of the English strata, 
it seems reasonable to conclude that although the mass at Follc- 
stone is comparatively very small, it ought to be considered as a 
separate formation. Its geological position appears to be be^ 
tween the grey, or lower bed of chalk, and the green sand. The 
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The strata rormiiig Ihe perpendicular rocks at the 
UoderclifT in the Isle of Wight, consist of green sand- 
RtoDe and chert (the latter being a suborcliuute bed lo 
the former) Ijing on a stratum of blue marlc. Whenever 
the land springs act on this latter stratum, it becomes of 
the consislcnce of mud, runs out, and leaves tlic w 
stone without support; which, being deprived of I 
fbundiitioD, of course tumbles down, (W. p, 13-1.) 
this circumstance is to be attributed that immense rj 
which forms the striking fi?aturc of the Isle of Wigt 
and wliicb being now variegated by rocks, and w 
and cottages, and com fields, is become the priocid 
uttractioD of tlie visitors to the island.'' 

lowest part of the bed ctwitaiiis abundance of [iTriiei in a 
pmed state, edmlie, and Iha (runlu and branches of irces,' 
•pecimeni of which the woody fibre yM cemsiai. 

Thii ciKumslance scema to point out that lome pirt ot 
earth at lean must have btcn coveted hj vegetation pievi 
to the depoiiiioD of thi> stralum, and coneequenlly before 
deposition of the chalk. We may however ^ fanHtr 
Calcareout beds of much eariier dale alio encloEC tl 
Creei, and even some of the eandatunet which may be 
oned amoiigal the oldest of the llietz roclu are limilariy chi 
ized. These facts alone afTiird itialctial for reflection upon 
DumeEoui changes which the Earth must have undergone by 
agency of water. It sufficiently proves of itself, the auertianO 
geotogisls (hal there have been many irruptinns and i 
aca, — and thai these Irruptions have lalccn place at 
taut from each other, as lo allow of tlic earth's heing coveted by 
Tegetation between their periods. 

• The cliff above this ruin having been eipotcd for ages to the 
action of (he air, has suffered much, though unequally, in different 
parts, according to the nature of the layers. The chert, wlu<^ 
farms the upper part, being hardest, is tcarcely at all affecUi* 
the limestone suffers more, wearing into holes : while the soft tan 
stone moulders very much, leaving deep cavities bctWtEQ the. bMi- 
of chert and Lntestoac. (W. p. MS.) 
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In the neighbourhood of Black-gang china this stratam' 
M yery Visible. It was the cause of a great land-slip which 
took place in the year 1799, and of another fall 8 or 10 
years ago ; springs of water, to which both may be at^ 
tributed, still continue to make their way through the 
blue marle on the east of Black-gang chine. 

It underlies the green sand beneatli the central chalk 
range of the Isle of Wight, and the chalk' range from 
Ilaudfast point to Lulwdrth in Dorsetshire^ 

§ 60. The northern parts of the chalk range in Cam- 
bridgeshire, rests upon an extensire bed of blue clayy 
proTincially called gauli^ with which the lowermost 
stratum or grey chalk is so intermixed, as thatnode-« 
cided line of separation has been observed. They are 
considered to pass by degrees into each other. The 
lower beds of grey chalk, provincially termed clunchy^ 
become more and more sandy, and gradually assume the 
nature of an argillaceous loam. In the next observable 
stage of transition, the mass assumes a greenish grey 
colour, and a plentiful admixture of dark greea san4 is 
uniformly dispersed through its substance* At the same 
time, it contains numerous dark brown nodules of a 
ferruginous indurated marle. At length these foreign 
matters disappear; the mass becomes uniform, and endg 
in the bluish clay or argillaceous marle called gault* 
(G. T. vol. iii. p. 243 & seq.) 

From this description, it seems reasonable to conclude 
that the lowermost bed of the chalk formation in this 
district is a chalk-marle, which is associated so in« 
timately with the green sand and the blue marle, which 
commonly underlie the chalk formation, as to cause theii? 
being blended together. It does not however appear tQ 



have been decided thai the gault is a mpinbor of I 
blue marie uow under consideration, or of fliiit i 

irieBy noticed in the note at p. 04^ which could a 
be proved hy a, comparison of their organic n 



FERRUGINOUS, OR IRON SAND. 

§ 61. This also is an exteoaive deposite. It appear* 

on the southern coast of the Isle of >Vight, ou the coatt 
of Dorsetshire, forniB a considerable range of hills in 
Sorrey, and may be traced with remarkable regularity 
from wilhin a few miles south of Shaftesbury in Dorset- 
shire, nearly to St. Nenls, in Huntingdonshire. It 
appears again on the eastern coast of Norfolk, and re- 
appears at Spilsby in Lincolnshire for a short distance ; 
and again m Yorlishlre, accompanying the clunch clay, 
which is there termed alum-shale, to the northern 
of that cciuaty, covering the surface of a large distrtclj 
the western parts of it. 

Being an older formation than the chalk, the 
toad passes beneath i(, as is shewn by Plate 2, fig. 2, 
tbongh it is not the itratum lying immediately beneath 
the chalk. This observation is made here, in ortler to 
carry the reader's attention to the section exhibited by 
fig. 3 of (he same plate, on which It is shewn that the 
iron sand on which Devizes stands on the western %ti\ 
of the chalk, passes btnicath it, Torming on the east of: 
a large proportion ef Kent and Surrey, and indeed 
principal part of the largr; district comprehended 
triangle, of which Dover, Beachy Head and ^Iton form 
the points ; rising into a considerable range of hilli 
ef vhkh the summit of I^ith liili is the highest 
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So that the whole of this tract, consistbg chiefly of the 
feimginous sand, and , partly of the blue marie and 
green sand, is older than the chalk which surround 
it. It is the more needful to make this obserfation, 
f ince its appearance on the map might gire rise to the 
idea, that this tract consists of strata deposited in a Taft 
hollow in the chalk, termed a chalk basin ; whereas, on 
the contrary, all the substances within thi^ space, and 
which have just been enumerated, actually pass beneath 
the surrounding chalk hills. 

J^ith hill in Surrey, though it rises to the height of 
993 feet above the sea,. is not the greatest elcTatioii at- 
tained by the iron sand ; for near its termination on the 
coast of Yorkshire, it rises to the height of 1485 feet, at 
a place cajled Bottom h^ad. In general however it does 
not attain considerable eleration. Where it rises to the 

m 

surface, it affords in some places. little else than heath ; 
but in others, as surrounding Woburo in Bedfordshire^ 
it is now covered by extensive plantation^ of firs. 

§ 62. This formation co.nsists of an alternating series 
of siliceous sandstone, clay, and limestone. The sandi* 
stone always contains oxide of iron, but in variable 
quantity ; but sometimes it prevails so greatly, as in the 
wealds of Kent and Sussex, that it was formerly em* 
ployed as an iron^ore. The clay tracts of the wealds of 
these two counties, and the sand of Hastings and Tun- 
bridge Wells, &c. belong to this formation; as well as 
that of Sandown bay and Black-gang and Compton 
Chines in the Isle of Wight, and of Swanwich bay on 
the coast of Dorsetshire. Fossil shells are rarely found 
in it (W« p. 237) ; but it contains organic remains, 
amongst which are ammonites and the nautilus. In the 
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licitiity of Wobum in Bedforclsliire, there rest upon 
the ferruginous sand considerable d^posites of fuller's 
earth, which also appears under Etmilar circumstances 
near Ryegate in Surrey. In this sand near Wobum also 
is found the wood-Stone, consisting of wood petrified hy 
horns tone. 



I 63, Not only docs lliis saod appear with consid) 
able regularity from Dorsetshire to the coast of Yo^ 
shire, (lipping eastward under the surface beneath i 
netrer depo.sites, and also in Kent and Sussex; 
likewise in the Isle of Wight, .where it rises from be- 
neath the blae marie and green sandstone underlying 
the central chalk range of the Isle. It there forms z 
considerable tract of comparatively low land o 
of that range, and bcttvccii if and the chalk hills of ^ 
southern part of the island. It passes beneath the latW 
appearing at the two extremes of the undercliff at DulT- 
posc and Rocken End on the shore ; and there is reason 
to suppose that it would also appear in the intermediate 
!;pace, but for the immense ruin which coters it, owing, 
ns is confidently believed, to Ihe giving way of the blU 
marie overlying it (§ 611). It forms also the low tm 
south of Ihc chalk range belivcen Ilandfast point » 
I.ulworth in Dorsetshire, and between it and the iill) 
consisting of the Purbe»'k li 
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CLUNCH CLAY. 

^ (J4, In some diatrkts of England, indurated day, 
1 glossy, unctuous, and tending lo a slatj texture, 
is called Clunch; when dull and smooth it is termed 
Clod. The terra clunch clay la proTinciat. 

Tbis depostte, though but liltle is known of it, con- 
sists generally of various kinds of clays of different de- 
grees of induration, which are often so calcareous is to 
form a coarse limestone ; and they are sometimes alumi- 
nous, often bituminous and ofa slaty texture. 

Shales of the latter characters occur at the two ex- 
tremities of this dcposite. 'J'liey are so highly aluminous 
ofl the northern coast near Whitby, and in some places 
in its neighbourhood, that extensire alum works haye 
been established ; and on the southern coast of England, 
namely in the lale of Furbeck, the shale is so bituminous 
as to form a coaly matter of considerable extent near 
Kimmeridge, whence it is termed the Kimmeridge coal. 
This coal uuderlles the Portland stone in tiiat island, 
(^ 68), giving colour to the belief, that the clunch day 
(as well as the two succeeding deposiles in respect of 
age, the Corobrash limestone and the Forest marble) is 
one of the numerous beds of the oolite formation, of 
which the Portland stone is considered to be one of the 
uppermost beds. (See the order of superposition, Sic. at 
the end of this volume). 

The organic remains found in the clunch day arc 
beleranitei, ammonites, and ostrex. (Smith). 

In the 3d volume of (he Geological Transactions, 
thcrq is a communication on the " Wolds of Lincoln- 
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shire, by Mr. Edward Bogg," by which it Appears that 
the yast deposition of the shale of that country passes 
beneath an oolite.; another cause for belieying that the 
clunch clay, to which the shale of that country beiongSy 
may be considered as a member of the oolite formation* 
This shale has been perforated to the depth of 300 feet 
without passing through it, and it consists of at least 40 
beds chiefly of slaty clays, of different degrees of indu- 
ration, some of which are inflammable, and some hedb 
of grit-stone and iron-stone. 

This stratum, near the northern coast, rises to the 
height of 7S0 feet above the sea, and has been penetrated 
to the depth of 300 feet below that level. It forms the 
lowlands of the vale of Bedford, and of the jale of the 
IsiS; south of Oxford* 



CORNBRASH LIMESTONE. 

§ 65. The name of this limestone is prorincial inr 
Wiltshire. It commences with the preceding rock in 
the southern parts of Somersetshire, and reposing upon 
it, pursues an uninterrupted course, forming the high 
grounds in some parts of Oxfordshire and Buckingham* 
shire, to Olney > Bedford, and Peterborough in North* 
amptonshire, are both situated on it ; and it occurs in 
spots higher north. It is a whitish, calcareous, and 
sandy rock, and is by some termed the Bedford lime* 
stone. 

The organic remains it contains are^. modiola^ cardla^ 
ostreie^ aviculji^ terebmtults* (Smith)» 
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FOREST MARBfcE. 

§ 66» This rock reposes immediately on the oolite. 
It occurs connected with one Tanety of it on the eastern 
side of the isle of Portland ; and proceeds on the same 
side of the oolite^ from^the southern part of Somersetshire 
to Sleaford in Lincolnshire* The forest marble consists 
of thin beds of compact limestone alternating with a 
slaty clay, and is characterized by a lai^e quantity of 
organic remains enclosed In it ; these consist of pectines^ 
teeth and bones, and wood (Smith). 

By the order of superposition, Sec, at the en<l of tliis 
tolume, the reader will perceive that this and the two 
preceding strata — the Combrash limestone and the 
Clunch clay, are by its author considered to be members 
of the oolite formation. These beds are not noticed 
separately from that formation, from any doubt of the 
propriety of that oider ; but because no details of the 
irhole formation hare been published so as clearly ta 
demonstrate its certainty. 



OOLITir. 

f 67. Tins formation is extremely expensive;* ft 
proceeds from Somersetshire, with but slight interrup- 
tion, to tlie banks of the Humber in Lincolnshire. The- 
Portland stone, the Bath stone, and the Ketton stone, 
are rocks whfch to a common observer wonld appear to 
be absolutely distinct. They are nevertheless considered' 
to be of the same formation ; vrhen carefully examined', 
all more or less present the same roe-Hke texture, which 
is characteristic 6f the oolite of B*ath ; and they all en- 
close a vast number of shells of the same kinds'. These 
circumstances, together with their being found in the* 
same geological position in refei'ence to the accompany- 
ing rocks, determine their identity^ 

A variety of the oolite is also called the roe-stone^. 
from the resemblance of the little round masses of whtchr* 
it consists to the roe of a fish ; this is particularly obvious' 
in the stone of which Bath is built- It is a very im- 
pure limestone, and will not burn into quick lime. 

The oolite formation rfses into hills of ' considerable- 
elevation above the sea. A few miles west of Banbury 
it attains the height of 836 feet,^ at Monckton Farley 
near Bath 700 ; and at Sherborne in Dorsetshire 635: 
feet above the sea. 

No geological details respecting the numerous beds of 
this extensive formation have yet been made public. 
On consulting the ^ Order of Superposition,' &c. at the- 
tnd of this volume, to which on this occasion the reader- 
is especially refbrred, it will bd^een that the Author^ 
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whose knowledge of the strata of England is commen- 
BuriLte with his indefatigable research, has included 
uuder the term Oolite formation, a very great number 
of beds, the existence of some of which would not be 
commonly known but for that interesting docunient. 
The Lias limestone, being occasionally, though rarely 
oolitir, is there included in the formation as being the 
lowermost bed of the whole series, which is divided 
into three parts, the upper, the middle, and the lower- 
In theFie also are included the three <itrata, of each of 
which a very slight notice has just been given j namely, 
the Forest marble, the Cornbrash limestone, and the 
clunch clay (Oxford Clay). So little indeed is gene- 
rally known of this formation, that the only existing 
account of any of its beds, consists, I belicTe, in a notice 
of the Portland and Purbec k beds, the uppermost of the 
whole series, by T. Webster, in his letters to Sir Ueaiy 
Knglelield. 
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§ 68. The uppermost beds of the isle of Portll 
consist of an oolitic rock, and they are numerous, 
which appears ou the summit, and is called the Cap, it 
of a yellowish colour, and porcellanous character; it is 
only burnt for lime. The nejtt bed is worked for ule, 
being the best building stone. Those below this bed 
contain numerous casts of shells that injure the stone, 
which is only used for coarser purposes ; and with these 
beds alternate others consisting of chert. All these bedl 
dip to the south, and rest ufon tlie strata of argillaceADS 
shale called Kimmeridge coal { ^ fl4); which occurs on tb* 
north-east cliff of Portland, near ihc sea. (W.p. 187.) 

The Portland stone contains turritelles, uaiaoniteSi 
trii'onia, pectiacs, and wood. (Smith). 



OOLITX. 67 

4 69. The stone of the Tilly Whim and Windspit 
quarries, uii the coast of the ule of Purbeck, rRsembk« 
the Portland oolite, and is called Purbeck Portland. 
These rocks have oolitic chariicters, are altogether cal- 
careous, and consist of small grains or concretions ad- 
hering logether; they are the only slones used for the 
frontti of puhlic buildings in London. (W. p. ^37.) 

The quarries of Purbeck stone are on a range of hills 
extending across the island, south of the chalk range, 
^nd nearly parallel «ith it. The hill on which the 
quarries are situated, is composed of many beds, whicb 
generally dip to the north, passing under the ferruginous 
sand, consequently under the chalk; but they bare 
sulTered many dislocations and fractures. The Purbecl^ 
Etone consists chictly of stiells, partly whole, and parti/ 
in a, state of comminution, imbedded iu a, calcareous 
cement, which is sometimes very pure and crystallized^ 
and sometimes in a state approaching to an indurated 
marie. These beds are separated by others entirely 
without shells; and also by layers of shale and marjep 
the siiirery nature of which allows the stone to be quar- 
ried with much ease. It is thus obtained of various de> 
grees of thickness, according to that of the bed, and ths 
whole hill consists of many alternations of these strata. 
(W. 179.) 

§ 70. It was long ago observed by Woodward, in hjs 
history of fossils, that the shells in the Purbeck marble 
consist chiefly of the Helix vivipara ; and it is rather 
surprizing that this very ancient freshwater formation 
slioald not have excited more attention, lieautiful ira* 
pressions of fish are frequently met with by the quarry- 
mea betweea the lamiase of the limestone; and I saw 
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.■bimdance of fragments of bones, some of which belonged 
to the turtle. Complete fossil lurUc^ hare l)eeii fountt^ 

md lately one extremely perfctt. (W. p. IH'i). 



LIAS, 



§ 71. The liaslimestone reposes upon (he red maiTc! 
T>etweeu which and the oolite is comiiionl)' eonsideicA 

be its geological situation. Some of its beds are oc- 
rasionallj oolitic, anil being immediately in contact with 
those decidedly belonging to the oolite formatiuTr, the 
Tias also is esteemed to belong lo it by some geologists, 
among whom is the scientific author of the " Order of 
superposition of the strata of the British Islands," to be 
found at the end of this Tolnme, to which the reader is 
referred. 

Lias is composed chiefly of carbonate of lime, 
involves some silex, and small quantities of oxide ofil 
cai'boD, bitumen, and water; it is tougher than 
limestone, and when of a. bluish-black, It is termed blue 
lias ; when of a greyish or yellowish white colour, white 
lias. These two Tarielies alternate with each other, and 
geuerally in thiu beds. They enclose ammonites and a 
great variety of other sea shells, and are remarkable for 
enclosing the remains of crocodiles at Lyme in Doi 
shire. It is the argillo-ferruginoas limestoae of 
authors ; the calp of Kirwan. 

By (he map if «ill be seen that this rock exli 
from a little to the west of Ilchester in Somersetshire by 
Bath and Gloucester, nearly through the center of the 
kingdom, and termlaafes a little 'beyond Lincoln. A few 
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mile* north of Glouce»ter it rises to llie height of 1131 
feet abo¥e the sea. 

The organic remains which it encloees are numerous, 
Peatociiaites, ammonUes, plagiostorna, ostreae, and 
booes. (Smith.) 

Beds of a rock which has tlie same mineralogical, or 
ratl^er chemical charactei^ as the lia«, are sometimes 
found in mountain limeHtoue, but as these beds do not 
contain the same organic remains as the Has, thej' are 
not esteemed to belong to thf same formation. ' 

The lias burux into a very strong quick lime, valuable 
when made into mortar for its increasing haj'dness under 
wat£r. It was therefore employed in conEtructing the 
Edystonc lighthouse. 

Ulthmin, liowever Uie lias has not recoited that al- 
tention wliich it merits from its having been employed] 
chiefly in other countries, in that Taluable discovery of 
modern times, the Lithographic art, which promiteB to 
be of vast utility hi science. The geological position of 
titis rock cojistilutes the chief pai-t of our knokvled^ 
respecting it. There is, I believe, no gener;il descrip- 
tion of the long range of hills already adverted to ; and 
the only particular description thai hai been giran re> 
lates to the occurrence of this rock in Somersetshire. 



^ 72. At Redland, near Briittol, the basset edges of 
the mountain limestone are covered by a saadstone, on 
which reposes a limestone having all the characters of 
the )ins. It lies in thin horizr>rital Uiyers, cotitaining 
aiatnonites, gryphiles, and anomix in ahundauce : it ex- 
lendti to Cothoai, uhere some of the strata are remark* 
able for taking a beautiful polish, and are kuown by thu 
aame of the Colliam sloue. (G. T. vol. iv. p, 196J. 



71 



i 



W LIA*. 

^ 73. This rocit is found on the coast of Someract- 
shire burderiug Lbe Bristol Channel, aiid for some litlle 
distance inland ; being in all probability a conthiuatioa 
on the west, of the Poldcn hills, which are south-west of 
Glastonbuiy, and which consist chieJly of the lius. lis 
extreme point on the wiist is a. short distance beyond 
Watchet, but it is the principal barrier to the sea for 
several miles eastward of that place, in the form of iliffi 
which in some places are 100 feet high. It is of a doll 
earlliy aspect, with a large conchoidal fracture, and 
generally of a light iilate blue colour. !t occurs in very 
regular strata which seldom exceed a foot in thickness, 
and are often not moi'e than four iuches. These strati 
are separated from each other by others of slate-clay 
varying considernbly in thjcktirss. The clay ia grry, 
brown or black, and is frequently bituminous, and 
readily divides into laniiute as thin as common paste- 
board. This clay encloses large ammoniies, of which 
the beautiful irridescence of the nacre is presfrrcd ; bul 
the lias itself conlains but few organic remains. In 
sereral places it has been observed that each bed of the 
lias is not of one continuous mass, but tluit it lies in th« 
bed in columnar concretions which are distinct, and 
resemble in respect of forni, the masses of basalt com- 
posing the Giant's Causeway on (he co.ist of Antrim. 
These masses are sometimes divided hilo septa nbicli 
are coated with calcareous spar and sulphate of sn«i- 
tian, and Bometlmcs enclose the latter in a state of very 
perfect cryslalli^dliun. In several places along f lie cout, 
the lias bus the appearance of being intersiratitied with 
the red marie; but this is consideied to be Owing to the 
curvatures and dislocations of the strata every u hcra 
maBifest along tiie coast, particukily along that [lartof 
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It wLich consists of greywacke, on which the red roarle 
and the lias rest. (G. T. toL ill. p. 367 & seqO 



RED MARLE. 

% 74. This deposite is by some also tenned the New 
Jled Sandstone^ Red Rocky or Red Ground, It is a 
.very exteosiYe deposite, extending with little interrup- 
tion from the northern banlsL of the Tees in Durham to 
the soathem coast of Devonshire. Its texture is very 
various. It appears sometimes as a reddish marie or 
clay, spmetimes as a sandstone ; sometimes the clay and 
sandstone are inters tratified or pass the one into the 
other; and it will appear that it is associated with, or 
cootsuos beds of, a conglomerate consisting of masses of 
different rocks cemented by marie of by sand. When 
this deposite appears as a sandstone, its characters differ 
greatly In different places ; it is occasionally calcareous^ 
imd sometimes of a slaty texture. Above all, this ex« 
tensive deposite is remarkable for containing masses or 
beds of gypsum ; and the great rock-salt formation of 
Dngland occurs within it, or is subordinate to it ; in 
some places, the strata of coal dip beneath it. 

The red marie does not rise into hills of any consider- 
able elevation; they are on the contrary generally 
low, ajid with rounded outlines. Many tracts occupied 
by it are very flat* In the central parts of England, the 
Severn traverses it for a considerable length ; and in the 
northern, the Ouse and the Trent, streams tributary to 
^e Humber^ taking a long course through its plains. 
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^ 7fi. In the Bouth-eastem parts of DurTiam, It ^- 
pears a» a fine grained sandstone erf a brick-rcil colour, 
which effervesces with acide ; its limit on the north-east is 
a little above the northern bank of the Tees. The straU 
are numcTous, and consist (as far as oae can judge from 
the miner's language) of white, grey, or red sandstone, 
with nccasional interposed strata of a more compact 
nature, red or bine shale (slate claj), coaly matter in 
thin layers, and gypsum in nodules and in beds of from 
eiie to tliree feet in thickness. The lowest bed in two 
of the deepest workiuga, was a white rock ofa calcareous 
nature. (G.T. vol.iv. p. 2. J 

^ 76. A sandstone covers a great plaiu in WestmvMl 
land, on the west of the range of mountains of whirB 
Cross Fell is the highest, and which is near the sonlb- 
weateritestremityof the great Newcastle coal-field. This 
plain id of considerable breadth north of CarKste. lis 
west and soalh-west boundary are the coal meaEiiret 
south of Carlisle, which repose on inouiitain limestone, 
resting on the slaty monntaias of Cumberland (Plate Z, 
fig. 4.) This sandstone encloses gypsum in many placn 
on the banks of the Eden and Pelleril, and in the grcrt 
Talley of Carlisle. 

Near Whiteharen, the upper beds of the coal mcs- 
Bures lie beneath a stratum of magnesian Itneetone, 
which, together with the beds of coal, passes beneath 
the red sandstone (PI. 2, fig. 4.) fu the lowest partrf 
the latter ntratura there is a pjpsnm quarry, whence it i» 
conclad<^ that this sandslooe is of the same date as tbfl 
of the Tales of Cheshire, Salop, F^neashire, and Tortj 
the matrix of oor great quarrieii of gypsum and rock salt; 
and a rfcpositio* more recent than the itngnesimr Rat- 
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stone which is incumbent on the upper strata of the 
principal English coal-fields. The sandstone of this 
plain abuts against a range of greenstone (Plate S, fig. 4) 
some miles north-east of Penrith in Cumberland. The 
greenstone may be traced for several miles, and riser 
into those elevations termed Dufton pike and Knock 
pike* (G. T. vol. iv. p. 105, 116.) 

§ 77. The southern parts of Lancashire, the northern 
extremity of Shropshire, and the whole of the inter- 
irening county of Cheshire, form in conjunction one vast 
tract of plain country, interrupted by few elevations, 
and these inconsiderable in size and extent. That part 
of this great plain which is nearest to the great deposite 
of rock'Saltj* is irregularly formed by ridges of lime- 
stone and calcareous sandstone; and the whole tract 
above mentioned consists chiefly of sandstone, belonging 
4o the extensive deposite now under consideration* 
(G.T.vol.i. p. 39.) 

■ § 78. In Worcestershire, the same rocVj though dif* 
fering slightly in its characters, is found in the neigh* 
bourhood of the brine springs of that bounty. The 
prevailing rock around Droit wich is a fine grained caU 
careo-agillaceous sandstone, of a brownish red colour, 
with occasional patches and spots which are greenish 
bine. At Doder hill, where a vertical section of it is 
exposed, !i contains beds of a greenish grey colour, and 

* Sotne account of the Cheshire Salt depostte is giren in my 
* Outlines of Mineralogy and Geology'; but the reader is re£err*^ 
to a more extended description by Dr. Holland ip the first vokuBC 
of the Tr4j(i»actions of tlic Geological Society. 

w 
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of a more iitiluralcd texture, but wkkb do not appear to 
differ materially in composition from the red sandstone, 
Tlipse contain slender veiiw of erystalliied gypsum, the 
forms of which are very distinct where the widening of 
the «eln has produced small cavities. (G, T. ». ii. p. 9$.} 
Sut around Worcester it sometimes rcsenibleii mere 
narle, with occiisioiial patclicn of a blue or of a greeK 
colour; sometimes a fine Baiiditoue and Bometimes ■ 
brecuia. (H- 110.) In Yarivus parts of WorceslersI 
tliere are allcrnatioiis of this maile with Email and 
grained gritstones, (K. 100.) 

§ 7fl. In Derbyslnre, and some parts of Cheshire, 
the strata composing tlie red marie are very nearly hori- 
zontal ; in a few places only have they any considerable 
dip, which then does not appear lo be regularly in one 
direction. In some of the hills and vales of Dcrb} shire, 
qre visible some fine-grained micaceous gritstone beds, 
of considerable thickness, which occasionally are sandy, 
as at Normaton, south of Derby, &c. From 
clayey parts of this stratum, bricks and tiles 
Occasionally it encloses streaks, or thin beds, of 
bins or greenish blue earth, or marie. These are 
Oion in the red marie of Isottinghamshire. 

In Derbyehite, some considerable doposiles of gypsum 
have been found in the red maric, and some of them an 
worked for that mineral. Chellaston is about five or six 
miles south-east of Derby, and it appears that on the 
MUth-east of that town there are several quarries: 
part of Chellaston liill would present a naked and water* 
worn rock of gypsum, were it not for the alluvial clay 
that covers it. Near Aslon also, which is somewhat 
-furfber on the south>cast, and formerly at Ballingtoa 
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kill near Ambaston^ there were other quarricfB : gypsum 
has also been seen in other places ^ It should seem 
that it occurs^ only in particular patches or nodules^ 
where it occasions a rise or isolated hiil^ by the addi« 
tional thickness which it gires to the stratum of marlc in 
those places ^ but it otcasionally forms rery thin beds 
or layers, which som^tknes are finely stiiated transversely 
to the stratiu The prindpal demand to the pure Mrhfte 
gypsum, or that slightly streaked with red, is by tho 
potters in Staffordshire, who form their molds of th& 
plaster of Pari» which it yields; but some particular 
blocks are selected for the use of the turner, and the 
maker of alabaster omaTOents. When mixed with blue 
Or green earth, it is called ilooring^stone ; that which is 
found in tery thin beds, is used for the building of walls 
and other common purposes. (F. 148, & 8e<I'} 

§ 80. Gypsum is also found in the red marie in 
several places in Nottinghamshire and Staffordshire. 
(F. 151> 

§ 81* The lower part of Bristol is built on this de-. 
posite > but On the north-western side of that city, other 
strata arise from under it, which ate composed of various 
kinds of limestones containing organic remains, and 
iiarles, clays, and ironstones. These strata are parallel,, 
and rise at about the angle of 43 degrees into hills of 
eonsideiuble height; as at Clifton,* just beyond which 

• Great part of Clifton h built upon a siliceous ironstone^ 
which a\$o is found in the country south of the Avon. It is ia the 
cavities of this rock tliat the beautiful quartz crystals, called 
Bristol stones, are found. They commonly occur in six-sided 
prisms terminated by six-aided pyramids ; but quarts m the forBk 
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tTic 1iinc<itonc npppars on both sides of the river (^ 1-K 
At the termination of these rocks towards the ScTell 
the old red sandstone is described as rising from bend 
them ; beyond which (Plate 2, fig, 3) the red marie | 
sandstone occurs again in parallel and nearly horizona 
sirata of a red and yellow eolour. In some places u^ 
IJristol, the lower part of the sandstoue alternates h 
layers of a blae or grcenii^h colour, abouuding in 
phate of strontian, the masses of which contain rrv: 
of the same substance of an opake white, or of a dull ri 
colour, A small quantity of sulphate of barytos a 
occurs in the sandstone. In the tow ground 
great part of Bristol is built, hollows occur ii 
face of the sandstone, which are 5lled with allun 
jnatter, such as clay, of a blue colour, containing ph<i)> 
phate of iron, peal, &c. In this alluvial matter the 
horns and Icclh of deer, the grinders of the boar, and 
nuts haTe been found. On digging the channel aftl 
New River, a bed of peat was found 12 or 14 feetlj" 
neath the surface, and more than two feet thick ; on d 
top of this were a number of oak trees, tolerably souni^ 
and ail lying in the same direction. (G.T. vol. Iv.p. 104), 
On the top of the limestone strata forming the clIITi 
on each side of the Avon, lies a yellowish sandston 
which has sometimes the appo;iraiice of a breccia. 
its fissure are found crystals of carbnnatc of lime a 
sulphate of strontian, the latter often in z radiated fonH 
and sometimes in balls weigiiing many pounds. ,\t Red- 
laud this sandstone is covered by the lias limestone in 

of iha pritnitivf rhomboid hati been found here, though rarrlf. 

Three bedj of cml are found benealli thie iron sanditone, near ihe 

' Hal well tiouae, upon [he banks ol ilie river. The coa) lies wjica 

e linugtone above nuticed, (G. T. vol. iv. p> I9''>]. 
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horizontal strata, conlaininfr ammonitca, gryptltes, and 
anomiK in abundance. (G. T. toI. iv. p. 190.) 

The red clay belauding to this formutioiij contains, in 
the neighbourhood of Bristol, not only gypsum, but it 
siso abounds with sulphate of strontiau in the fonn oC 
ftdss and evea Urge beda. (G. T. vol, iv. p.314-> 

^^§82. The hills ofgrcywacko in Somersetshire (^1677 
■re flurroundi'd, either \iy a conglomerate, or by a reil 
sandstone, sometimes tolerably rompact, but more fre- 
quently of a friable texture. These conglomoratea and 
suidTitoncs assume very various a ppoa ranees, but uoder 
eyery form of aggregation the same materiaJs may be- 
traced. T\']iere the component parts arc large^ at la the 
conglomerates, the nodules consist of some varieties of 
the rocks that compose the greywacko formfltion [ itt- 
many places there are nodules of a limestone very Bimi- 
lar to that of the beds enclosed in the greywacke,' and 
ifhich therefore are considered as suborditKile to that 
formation. The conglomerates and sandstones are found 
in all tlie interrenlng Tallies, and the great valley on the- 
■western side of the Quantock hills is wholly composed 
«r them. They are not however confined to the valiles,, 
bat arc sometimes found on the i^ides of the hills, at » 
very considerable elevation ; (G. T. vol. iii. p; 356) audi 
even so high as near the summit of the Quantock range,- 
where rounded fragments of greywacke; cemented by a 
deep red clay, form a ma*s of eRtreme hardness, (p, 
SGI). 

By this description of these depositcs It appears that 
they bate both, in this neigh bourhood, resulted from the' 
ruin of llie greywacke formation, since they not onlyen- 
e fngmeuts of it, but also at the Uuicstonc Imbeddcdi 
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in it, and the fragments arc sometimes rauuded. In some 
places, the quaiitily of calcareous matter in the ccmgli^- 
merate ia so great thai it is quarried for the pnrposc of 
obtaiuing lime from it. In other places, it is almost 
entirely siliceous. Ia another, h contained the green 
carbonate and sulphuret of copper. The saudstonr, at 
least) may be considered as a member of (he numerous 
scries of rocks constituting what is commonly called the 
red marie, sometimes the red rock. Near Timherssombe 
Ihe conglomerate is coTered by a friable red marly sand- 
Btone( G.T.vol. iii. p. 359). The rich vale of Tauiiloa 
Dean is believed to consist of rocks of this description. 

In some places, where the argillaceous sandstone is 
red, and contains a variable proportion of calcoreoai 
matter, it also contains spola and stripes of a greenish 
colour, and it is occasionally variegated with yellow, 
and contains no fragments. {G.T. vol. iii. p. 364.) Tlie 
latter character renders it probable that this formaiim 
may be analogous to the variegated, or second sandstone 
formation of Werner, which is ' marked with yellow 
green, brown, red, and white stripes, and layers of diffei- 
ent coloured sandstone alternating with one another.* 

Not far from Watchet, on the coast of Somersetshire, 
bordering the Bristol Channel, the red marie is of a 
bright brick red colour, very friable, and traversed in 
every direction from top to bottom, by pure white veias 
of gypsum, which seem to identify it with the formadfli' 
covering the Cheshire rock-aalt formation, but no 
of salt were visible. (G. T. vol. iii. p. 377.) 
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§ 83. In the cliffs about half way between Sidmoudi 
and Seaton in Devonshire, the red marie contains gyp- 
sum, very much resembling the mineral called mouniaJn 
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leather; nor was It difficult to trace on the spot^ the 
gradual transition of the transparent crystalline gypsum 
into this amianthiform state. (K. 106). The red cliffs 
of Bttdleigh'Salterton near Teignmouth, which are of 
considerable height, and those also of Teignmouth itself, 
oonsist of alternations of argillaceous beds of sandstone 
and of breccia (conglomerate) and the red strata on 
the opposite side, near Powderham, are alternately soft 
and stony, but always intermixed more or less with 
strata of breccia ; and they are inclined in Tarious di» 
fcctions. (K. 109 J. 




§ 84. This limesfone, whitb has obtained the 
ef MagncBian, from its containing about 20 per cent, of 
tarbonate of magnesia, prevails coniiderably in England* 
Thepriiicipal^rangeof hillseonsiatingof it, extends ffo* 
Sunderland on the norfh-oast coast, to Nottingham. 
range is not very elevated ; near its northern 
em terminations it attains the height of about 6CX) 
nbore the sea, but the middle part is not so high, 
the hills of nhich the chain is constituted are 
topped. It IS ascertained that the geological situation 
of this limestone 13 above the coal formation, inasmuch 
as some of the beds of the Newcastle and Whitehaven 
deposites have been worked beneath it {§ 87, H9), at 
well as those of Derbyshire {\ 90). 

This limestone also occurs in beds in monnlain lime- 
stone (% 92, 133). It differs from common limestone in 
estemal character, in having generally agranular sandy 
structure, a glimmering lustre, and a, yellow colour; 
and in the course of the range from Nottingham north- 
wards, its surface in many places is covered by a poor 
herbage, uncommon to limestone, attributable to llK 
magnesia it contains, which is known to be unfavourable' 
to vegetation. 

The organic remains inclosed in the magnesSua lime* 
stone are, madrepore, enciini, and product!. (Smith.) 

^ 85, The magnesian limestone conslltuling the n«gf 
iboTe alluded to, occurs iu beds dipping gently totvardr 
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the south-cast (Ann. dec. 1814) and passing beneath the 
red marie or new red sandstone, or occasionallj alter- 
nating with it. These circumstances evince an intimate 
connection between the red marie and the magnesian 
limestone. In many parts of England this is shewn by 
the existence of a rock which is termed a breccia^ which 
in some places consists of angular fragments of limestone 
and sandstone, cemented together by magnesian car- 
bonate of lime. A breccia of this kind is found on the 
Mendip hills, near to the celebrated cliffs of Cheddar. 
A similar rock is found near Cowbridge in Wales, and 
at Caerdeston, and Loton, and other places in Shrop- 
shire. A breccia, differing from it only in containing 
rounded masses of quartz, is found lying on the westerm 
basset edges of the highly inclined strata of mountain 
limestone forming the ridge between Bristol and the 
Seyern. It extends along the limestone for a consider- 
able distance north and south of the Avon, and alter- 
nates with the red marie (G. T. vol. iv. p. 202 & scq.*), 
of which it is considered to be the lowest stratum. 
(p. 212.) 

§ 86. Magnesian limestone, exactly at the northern 
extremity of its western boundary, overlies the coal strata 
in the cliffs at Cullercoats in Northumberland. (G. T« 
vol. iv. p. 3.) It overlies the 90 fathom dyke, which 
appears between the strata of coal in a nearly vertical 
position ; and it is concluded that the magnesian lime- 
stone is of a newer formation than the coal and the dyke, 
since the dyke has injured the coal (§ 123) but has not 
affected the limestone. This rock, along the coast of 
Durham, is covered by a species of breccia, the cement 
of which is a marle«like substance consisting chiefly of 
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^M inagnesian carbonate of lime | and wilk fhU breccia 
^H -wide chasms or iiitcrriipljona in tlit! clifl' are filled. 
^H upper strata of Iht; limestone are thin and ilityf 
^H iiicliamg to a butt' colour. Bulaw, the stratificati 
^F less distinct, and the colour is hair broitn, the texl 
cr)-slalliiie and cellulsr; a vaiiely thai is Uexii 
lately been found. It piirtiikcs of the nature of 
stone; and from containing some inilnmniivble muth 
requires enlf a small quantity of coal to reduce it 
lime. (G.T. Tol.ir.p. 6.) 



§ 87. It is well ascertained that ihe magneitliB 
limestone of Durham and Northumberland rests apoa 
the coal measures ; for at Fallion, a Hide to the west of 
Sunderland, and but a short distance fro 
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ttjunderland, and but a short distance from the westO^H 
limit of (he magnesiau limestone, if vras only 12 ^^luirfl^l 
thick, iktfd was found to OTerlie the coal strata, whM^| 
were bored througii to the depth of 140 fathoms, witft^ 
out Ending a ^eum of coal worth working. Xo cnal 
nine has yet been won by sinking a stiaft through the 
limestone, although the workings of some collierit 
situated on its western boundary, have been cariied n 
demeath it. At Ilnrt, near Hartlepool, which issliM 
the southern extremity of the limestone on that coostji 
was bored to the depth of fl2 fathoms, nilhout peii^ 
tntiog through it. (G.T. toI. iv. p. 8.) 

§ 87«. The dip of the coal strata south of Newcai 
is not in conformity with that of the magnesian limestos 
It ii a circumstance, howerer, too well ascertained t 
admit of a doubt, though diilicult to be accounted for, 
that the coal is deteriorated in quality where it is co- 
f«red by the limestone. (G. T. vol. iv. p. 9.) Dotrj'oidiil 
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masses of fetid limestone deToid of magnesia^ in balls 
varying from the size of a pea io two feet in ^ameter^ 
imbedded iu a soft^ marly, magnesian limestone, are 
lound at Hartlepool, in a quarry at Building hill near 
Sander? -^nd, and on the sea-4;oast a mile or two north of 
Monk Weanuouth. These balls are radiated from the 
centre, their colour hair brown, fracture shining, cross 
fracture splendent approaching to vitreous ; white cal- 
careous spar is often obserred in them. The magnesian 
limestone of this district contains few organic remainsv 
A representation of a fish found in it is given in the 4th 
volume of the Geological Transactions. It contains but 
few shells^ (G. T. vol. It. p. 10.) 

§ '88. The beds constituting this range, are described 
as being about 300 feet in thickness, on the east of 
the coal-field in Derbyshire, which is near its southern 
extremity. Their general colour is yellow, which is 
often as bright as gamboge, with almost all intermediate 
shades, to a yery light straw, and white. Many of the 
beds have a granular texttire, and a brown or reddish 
hue, particularly near their joints. Those beds in which 
the magnesian earth abounds most, generally pass for a 
grit-stone. A considerable number of the upper beds 
are incapable of calcination. At Dudley, Walsall, and 
other distant places, where these strata appear, they are 
called clunch, mudstone, &c. and perish on exposure,t 
but towards the bottom of this seiies, several beds of 
compact blue limestone are found imbedded in blue 
clay. These abound in anomia and other shells, and 
some of them differ greatly in composition from the 
magnesian limestone, upon which they are used as a 
laapiue dtt^ calibration. The whole series of these 
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beds are of TemaTknble legularitj', 
tonards the east. (F. p. 138.) 



% 89. The coal strata near AVhileliaven on the n 
-nestEro coast, also pass beneath magnesian IJmesUl 
(C. T. Tol. iv. p. 105.) (See PI. 2. fig. 4.) 

§. QO, The coal beds of the Derbyshire Geld cxtd 
beneath the magiiesian limcsloiip, aod have been workcft 
under it at Dilborough aud Nuthall, which arc situated 
ou it, a few miles north-west of Nollingham ; (K. 160.) 
aud ail the coal fitrata on tlie east of the great zig-gag 
fault, (\ 125), from Trowel in Nottinghamshire, to the 
north of North Asfou iu Yorkshire, have ao easy dip to 
the cast, similar to tliat of the magiiesian limestone, 
(F. 1G8), and beiug worked iu several places beiiealli 
that limfistone, probably pass beneath il with the same 
geiitlo dip. ' I 

§ Ql. This limestone also appears south of IImI 
range of hills terminating near Nottingham, in coii'^ 
ncxioa with the slates of Chumwood forest on the nordi 
and north-eastern border of the Asliby de la Zoach 
coal-field. Breedon hill, and gome other bills appear 
on the west of Ashby dc la Zouch ; they consist of ihe 
magneaian limestone id nearly TCrtical strata (F. 158), 
which, considering that the beds iu the long range north 
of Nottingham haTc only a gonlle dtp to the eait, mij 
perhaps be owing to some subsidence in their neigh- 
bourhood. 



j SI. AlagneMan Ilmegtone occurs inferstralJfied n 
mountain limeetoue in a bill orerlooking Blais cattle 
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near Bristol ; and a small ridge of rock, about four miles 
north-west of Bristol, upon which Lord de Clifford's 
house is built, is entirely composed of the same lime- 
stone, abounding in shells and madrepores. (G. T« toU> 
\y. p. 215.) It is also found at Redlaud not far from 
Bristol, in horizontal strata lying on a yellowish sand 
covering the basset edges of the inclined strata of lime« 
stone on each side the Atou. 
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•xpressivoly lermed in Genlogical language, arc ■«■• 
merous ; and tliey are higlil}' important ti> us, in^moch 
as tliuy afibrd some of the moat essential domt^slic eDJny- 
meats <if milized life: for peopled and cultivated as 
Eiiglaod is, and therefor'; possessing but few and small 
forests, the comforts of ils inhabitants are greatly auf- 
inented hy, and may be said to di'pend in great 
upon, ils ineihausf ibie drposites of coal. 

One of the nearest to London at these, is I 
southern deposite in England; namely, the small one 
lying at the north-eastern termination of the Meodip 
hills in Somersetshire, which are of mountain limestone. 
Two OT three small patches occur on the north of that 
point, and between it and the more considerable deposite 
of Kiiigswood and Micklewood near Bristol ; to the 
north-west of which, and on the other side of the Serem, 
is fonnd the coal of the forest of Dean. Coal again oceun 
near Sfourport in Worcestershire ; whence it ranges id a 
direelion nearly north, and with little interruption, lo 
Chester, and beyond it on both banks of the Dee. An 
immense deposits, of which the southem>most pmnt is 
near Nottingham, ranges through Derbyshire, YorkiUr^ 
Durham, and Northumberland, quite to the Tweed; In 
this long range the coal is not absolutely connected, Imt 
the interruptions are not considerable ; again, abunduice 
is found at WhitehaTCn on the north-western side of 
Ktiglaud. Besides the foregoing, many comparatitely 



COAL. 87 

small insular patches are found on the north-east and 
north-west of Birmingham, and in that extensive tract 
which is cajled the red marie or new red sandstone. lu 
Wales there iB a large deposfte on its southern coast* 

The coal of England and Wales, it is worthy of note, 
is found in numerous instances spcVAm, or passing beneath 
the red marie, and almost universally above mountain 
limestoiie ; but between the coal and limestone there 
are some interposed beds chiefly of a sandstone, or 
gritstone, which sometimes contains rounded masses of 
quartz. This is occasionally of a character which al- 
locs of its being used for iuili-stones, and has there- 
fore received the name of the millstone-grit. Its chief 
and most important use is for lining the furnaces of iron 
works, having the important property of enduring heat 
for flmiiy months, and to a greater degree than any other 
ftooe that has bee* discovered. 

The numerous coal-fields of thii» country do not all of 
them however yield coal of equal qaality ; nor do they 
all partake of' those characters which, according ta 
•Werner, belong to the independent coal formation* 0| 
^ome of these coaUfields, no account has been made 
poblic* Of the most extensive^ and most beneficial iik 
every point of view to this country, we have a very satis* 
factory detail* ^ 

§ 94. The coal-field of the north-eastern extremity 
of England extends over the principal part of the coun- 
ties of Northumberland and Durham, Of this district 
we have two accounts ; one by N. J. Winch, Esq. pub- 
lished in the 4th volume of the Transactions of the 
Geological Society ; the other by Dr. Thompson, in the 
Annals of Philosophy for Nov. and Dec. 1814. I pro- 

u 2 
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ceed to select from both, recommending them, and par* 
ticularly the former, to the perusal of the reader after- 
wards. This part of England is highly interesting both 
m a geologickl and economical point of view. Geological^ 
since the facts it discloses are extremely cotioos ; and 
economical since it supplies London, and the east and 
south coasts of Eoflatid with coal, besides what is con-> 
sumed by the inhabitants themselves; and since the 
qnmntity of lead which tt annually yields is scarcely itt- 
fenar to what is furnished by all the rest of Europe. 

^ d5» Thh great coaUfield may be said to be included 
within a kind of triangle, having its ape^t at Berwick 
upon Tweed, and its base upon the river Tees, which 
sepamlM Durham fi-om Yorkshire (see the opposite 
sketch.) From Berwick to the mottth of the Tees along 
iht csoast is about 80 miles; and on this side of the 
trlan^, the country is generally low ; but it rises as we 
recede from the sea, until we arrive at the top of Cross 
Fell, which is one of the highest mountains in England, 
keittgf WOl f^et above the level of the sea; yet so gentle 
and gradual is the elevation as we ascend its eastern side 
from the coast, that one may ride on horseback to the 
teiry summit. On the western side, Cross Fell rises 
alint{*tly from the vale of Eden in Westmoreland and 
Camberland. (Pi. 2, iig. 4.) 

§ 96« The ithole tract consists of a series of beds, 
amounting to the number of 2^9, confounding together 
several smaller ones composed nearly of the same ma- 
terial. They consist of five different substances, some 
of which alternate with each other several times ; namely^ 
coaly iwuktoney slatC'Clu^ or shuky Um^stpnej aud^tiwoi^^ 

ii3 
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The whole country comprehended within the triangle, 
according to Dr. Thompson, possesses the characters of 
the Independent Coal form ationm 

All the beds of coal dip towards the east ; so that the 
lowest of them, which near the coast is far below the 
level of the sea, rises out to day at Cross Fell. (Plate 2, 
fig. 4.) It is a bed of imperfect coal, called by the 
country people Crow coaly and as it does not bum by 
itself, it is made up into balls with clay, and then used 
as a fuel. This bed is found near the sdmmit of Cross 
Fell, but as it dips down towards the east, it is calcu- 
lated to lie 387 fathoms below the lowest of the New- 
castle beds, a little on the east of that town. 

This tract however has been divided by each of the 
fore-mentioned authors into two separate formations. 
By the former of them into Lead measures and Coal 
measures J which are, I believe, provincial terms ; and 
by the latter into the Independent Coal formation and 
the Newcastle Coal formation. 

§ 97. The tract, termed the Lead measures, extends 
from Berwick on the north, to the Tees on the south 
(see sketch, p. 88) ; its northern part is bounded by 
the sea on the east, and by the Cheviot hills on the 
west; and its southern part, hy the coal measures on 
the east, and a range of high land, of which Cross Fell 
is the apex, on the west.* This district has been 
termed the Lead measures, chiefly because veins of lead 
abound in a particular part of it. 

♦ The range of hills of which Cross Fell is the highest point, 
consist of about 20 beds of limestone, alternating with about 50 
beds of sandstone, 80 of shale, a few thin beds of coal, and one of 
bawit (trap ?) ; aod are in the whole 2743 feet thick. The whole 
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§ 98. The Coal measures commence near the mcr 
Coquet on the north, and extend nearly to the Tees on 
the south : the length of this tract is about 58 miles, and 
its greatest breadth about 24. The strata of the Lead 
measures pass under those of the Coal measures (PL- 2, 
fig* 4.) ; which latter pass beneath the magnesian lime* 
^tone (§ 87) ; the northernmost point of which is near 
the mouth of the river Tyne« (See sketch, p* 88.) 

§ 99. It is requisite that some reasons should here 
be shewn for the cause of this division into two forma- 
tions, since they both yield coal in a "greater or less 
degree ; whence we might incline to consider the whole 
as being one formation. But it must be observed, that 
in the strata constituting the Coal measures, the organic 
remains belong exclusively to fresh water ; while in the 
strata of the Lead measures, both sandstone and lime- 
stone are found containing marine shells ^ or impressions^ 
of them. 

§ 100. The organic remains found in the strata of 
the Lead measures, are, in the limestone, madrepores, 
ihillepores, encrinites, pectinites, large oyster and other 
bivalve shells. In the shale, encrinites, pectinites, and 
small muscle shells. In the sandstone, impressions of 
pectinites^ arose, anomiae, and cuphorbiae.. 

of these beds are considered as belonging to the moantain lime- 
stone formation. The lowest of them crop out on these hills, and 
are visible on the escarpment of their western side. The fun- 
damental rock of these strata is gr^ywaeie siaie, but they do not 
rest upon it, since a stratum of the old red sandstone lies between 
them and the slate. (See G. T. vol. iv. p. 105 3& seq. and Plate 2y 
fig. 4.) 






§ iOl. The organic remains Jbvttd in Ihe Coal strata 
ire — In the shale, the impressions of scTeral plants, 
amongst which is a rariety of fern. Another fern or (wo 
is found in the nodules of clay -ironstone, as well as im- 
prcGEions of (Tones. Impressions of the bark of a plant 
resembling euphorbia, in iron pyrites, are fooml in se- 
veral colli<3ries ; of another plant in roal ; vegetable im* 
pressions in sandstone ; the cast of a cane-like rfg^abte: 
an aggregate of black quartz crjstals diverging from the 
center, having the interstices filled with yellow ochre; 
t supposed to be a mineralized tree, and is found at 
;e's main colliery, and often in large masses on tta 
sea-shore. BWalve shells, like those of the freshwi 
muscle, in dark grey ironstone, and in black sbsle 
ironstone : the same in black shale in Hebburn colli«i 
it the depth of 780 feet. 

Amongst these there are no marine fossils, and tbc 
s reason to believe that no organic remains of mar 
origin have ever been discovered in the sti'ata beloD^ 
to the tract termed the Coal measures. 

102. Hence it seems evident that the whole i 
trict may correctly be divided into two formations, I 
though it may not be easy to decide where the ( 
begins and the other ends. It is however asserted, that 
when the millstone grit (a coarse-grained sandstone «» 
called) and the blue encrinal limestone are seen crop- 
ping out, one may then be sure that the boundary of 
the Coal formation is passed. The places where these 
strata crop out, have not been noted in the observiu 
tions of the two authors from whose accounts thb is 
chiefly extracted ; but as they agree in determining the 
boundaiy of the Coal measures to be uearly iu the di- 
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rection of the dotted line separating them from the Lead 
measures in the sketch at page 88, and extending from 
the Coquet to the Tees, we may suppose these strata to 
appear on the surface along that line. 

It is therefore clear from the facts which have been 
observed that the whole Coal-field is properly divisible 
iuto two Formations. It appears to me however that^ 
instead of considering each formation by itself, we 
shall find advantage in giving our attention separately (o 
each of the several substances forming the beds of the 
"whole district. These are, Coaly Sandstone^ Slate^ 
Ck^j Limestone^ and Basalt; after which we may 
complete the view of the whole Coal-field, by noticing 
the Dature of the Veins which traverse or intersect it ; 
these are filled either by Lead^ Basalt^ or Sandstone, 

In the view that we are about to take of the beds 
composing this district, we shall have occasion to dis- 
tingaish between such as appear in the two formatiou$» 
These h^ve been termed Coat measures and Lead mea-» 
sureSf to which terms I shall adhere. 

§ 103. The inequality of the surface does not affect 
the dip or inclination of the strata constituting the Coa( 
measures } so that when they are interrupted or cut off 
by the intervention of a valley, they will be found on 
the sides of the opposite hills at the same levels, as if 
the beds had once been continuous. The conclusion is 
obvious, that the present irregularities of hill and dale 
have been occasioned by the partial destruction or dis« 
persion of the uppermost strata constituting the coal forw 
mation. 

The beds of coal and of the other strata composing the 
Coal measures^ are not every where of uniform thickness., 
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They occasionally enlarge or contract so greatly, thatl 
is only by an extensive comparison of tlie whole s< 
that any certainly is arriied at of that general unifom 
of stratification which is known actually to exist. 
the best information, they are calculated at 1630 feeiuj 
tliickness ; and the sirala comiiosing the Lead measurtt, 
which are pretty regular, and which pass beneath, or 
underlie the Coal measures, are estimated at 2749 f< 
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^ 104. The beds of coal, &e. basset out at thesoif 
one after the other ; each on the eosl of that irhi 
immediately precedes it in point of age. These I 
are sometimes visible ; hut are more commonly cotcrtd 
by alluriai soil. We shall therefore begin by soine 
notice of the 

Ailftvrum. 

The alluTtnm rontains masses of difTerent rocks C* 
posing the whole district ; snd amongst them, portioR 
of hard black fiosalt are found every where in aban- 
dance. From (his stone, the ancient inhahifaiits «( 
Britain formed the Jicadi of tlieir battle-axes, which tie 
commonly called celts. They resemble in sbapft the 
tomahawks found in the South Sen islands. Bartad 
anow heads, neatly fuiishcd, and made of pale'<vlwir«d 
flint, are frequently piclied up on the moors, and ars 
called elf-bolU. It also corit;iins portions of the Inp 
rocks of the Cheviot range, and masses of tint 
granite appear on tlie surface of the whole country. 

In the Coal measuren, potters' clay occurs immM^aA 
below the vegetable soil, Its colour is bluish or stnol 
grey, and sometimes yellow approaching to orvinge, hi 
consequence of a mixture of iron ochre. It is usedinltic 
manufacture of coarse earthcn'ware, bricks, and liln. 
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105. We sliall begin willj tUe coal of tlic Lead 
beiug tlie older (onuatioD of the (wo, com- 
I>ositig the whole coul-fieltl. The number ol beds of 
Foal in this formatioD does not appear to liave been pre- 
cisely ascertained. Dr. Thompeoii mentions only seven, 
of which only four eiceed three or four feet in tluck- 
ness, aud consist of a tlale-coal similikr to the Scotch) 
^^'elch, or Staffordshire coal, aud do uot cake. The 
coal Biiues are very uuoierous between Berwick and the 
Coquet river ; {see sketch). South of that river, there are 
but few miHei in the tract termed the lead-measures, aud 
the coal is very inferior in quality to tliat of tlie mines 
north of the Coquet. These miiies are very shallow, 
aud it is remarkable that the be()s of coal, and the strata 
between which they lie, umiuiute wiih the surface qfthe 
countri/, which is not the case in the coal -measures. 
North of the Coquet, therefore, the strata are not very 
reguUr, and tliere is so little agreement between tha 
strata there, and tlie strata in the district where the 
imti U priiicipaily found (about twenty miles west of 
Darbam), that it b doublfut whether (he two districts 
we properly classed together under the term lead>mea- 



% 106. Tlie strata of every Independent Coal forma- 
ttou dip from the surface, and rise again to it after at- 
bMHing a certain depth ; so that a, section of them gives 
tbe ktw of n ffrrm of a boat. A place called Jarrow 
(see sketch, p. 8H), which i^ about five miles from the 
BWttk ot the Tyne, and on its southern bank, is the 
»pOt beneath which the beds oT Coal in the Coal men- 
Mtetf are found at their greatest depth. One of the 
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thickest beds, called the High Main (§ 108), is 960 
feet below the grass at Jarrow, and rises on all sides; 
but as the dip of the strata (which averages 1 inch in 
20) is not uniform in every part in the sarroandiog 
district, that bed does not rise to the surface at equal 
distances around that ^lace. 

We may assume that Jarrow in the center* of the 
Coal measures, since it is the spot beneath which the 
High Main coal is found at the greatest depth beneath 
the surface. There is a considerable though not a per- 
fect uniformity in the distance of the several coal beds 
from each other. Hence, as the High Main coal rises 
to the surface or the, alluvial soil, around Jarrow, we 
may conclude that the beds of coal above and below the 
High Main, arise also, at a distance from it, propor- 
tionate to their depth beneath it« 

§ 107. The whole surface^ of the coal measures is 
calculated at 180 square miles. The greatest number 
of the numerous mines are situated on both sides the 
river Tyne, but are not far distant from its banks. 
There are several in the northern part of the district, 
and many about five miles south of the Tyne, about 
mid* way between Newcastle and Durham. 

§ 108. In the coal measures forty beds of coal have 
been seen ; but a considerable number of these are iu- 
significant in point of thickness. The two most im- 
portant beds are those distinguished by the names of ■ 

* la forming this conclusion, it is necessarily inferred that the 
Coal measures once extende;d far to the east of the present Coast 
of Durham, and atove the level of the sea ; that they exist fewwrfi 
it, is proved hj the workings under it, 
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High mam aud Low main. The thicknesf of the first 
ii aix feet, of the second sii foct six inches. The lli!;h 
main is about 60 fathoms above the I^ow main coal, 
which latter is at St. Anthon's colliery, not far from 
Newcastle, 135 falhoma from (he surface. Uetween 
them occur eight beds of coal, one of which is four feet 
thick, another is three feet thick. ScTen beds hsT« 
been seen under the Low main, but the qunlity in in- 
ferior, and more ucarly ajipronchcs that of the coal in 
the I^ad measures. 

The coal of the district termed the Lead measures, is 
therefore very far inferior in quantity to that of the Coal 
measufcs. The superior excellence of the coal of the 
latter formation in quality, oTereTcry other, is sufficiently 
known. The quantity of cual raised annually in this 
district, and sent to London, and the whole cast and 
wulh coastsof Great liritain, is quite enormous. Shields 
aud Sunderland are the two places from which ihey arc 
exported ; and a curious distribution of the trade has 
taken place, depending upon the size of the two rivers. 
The Tyne vessels are Urge, and are therefore chiefly 
destined for the London market. The Wear vessels, 
OH the contrary, arc so small, that they can make thrir 
way into the small rivers and harbours all over the king* 
dom, and therefore they supply the whole east and 
south eoasts as far west as Plymouth. 

To form an idea, says Dr. Thomson, of the quan- 
tity of coal contained in the formation called the Coal 
measureii, let us suppose it to extend in length from 
north to south ?3 milrs, and that its average breadlh is 
eight piiles. This makes a surface amounting (o rallicr 
more than 1 80 square miles, or 557,568,000 square jards. 
Qtmoit thickness of all the beds of coal put toge- 
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ther does not exceed 44 feet ; but there are eleven bedi 
not workable, the thickness of each amounting only to a 
few inches. If they be deducted, the amount of the 
rest will be 36 feet or 12 yards. Perhaps hie of the 
other beds likewise should be struck off, as they amount 
altogether only to six feet, and therefore at present are 
not considered as worth working. The remainder will 
be ten yards ; so that the whole coal in this formatioa 
amounts to 5,575,680 cubic yards. How much of this 
is already removed by mining I do not know, but the 
Newcastle collieries have been wrought for so many 
years to an enormous extent, that the quantity already 
mined must be considerable. J conceive the quantity 
of coal exported yearly from this formation exceeds two 
millions of chaldrons ; for the county of Durban? alone 
exports 1-^ millions. A chaldron weighs 1.4 ton; so 
that 2.8 millions of tons of coal are annually raised in 
these counties out of this formation. Now a ton of 
coal is very nearly one cubic yarji ; so that the yearly 
loss from mining amounts to 2.8 millions, or (adding a 
third for waste) to 3*7 millious of yards. According to 
this statement, the Newcastle coals may be mined to the 
present extent for 1500 years before they be exhausted^ 
But from this number we must deduct the amount of the 
years during which they have been already wrought. 
We need not be afraid then, of any sudden injury to 
Gr^at Britain from the exhaustion of the coal mines. 
It is necessary to keep in mind, likewise, that I hare 
taken the greatest thickness of the coal beds. Now as 
this thickness is far from uniform, a considerable de- 
duction (I should conceive one-third of the whole) 
piust be made in order to obtain the medium thickness; 
$0 that we may sta^c in round numbers that this forma* 
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mation, at the present rate of waste, will supply coal 
for 1000 yf?ars, but its price will be continually on the 
increase, ou account of the continually increasing expense 
ef mining. 

Besides the coal exported to different parts of Eng- 
land, a large quantity is consumed in the two counties, 
which cannot easily be calculated. About thirty years 
ago a practice was adopted at the pits, where the coal 
was of a fragile nature, of erecting screens to separatfiw 
the small from the sounder coal. This system is now 
become uniTersal, and immense heaps of coal are thus 
raised at the months of the pits. These soon take lire 
from the heat of the decomposing pyrites, and continue 
to bum for several years.* Not less than 100,000 chal-' 
droDS are thus annually destroyed on the Tyne, and nearly 
an equal quantity on the Wear. Two such heaps In 
combustion may be iseen at present (Nov. 1814) on the' 
north side of Newcastle. If you travel from Berwrck 
to Newcastle, and enter this last town in the dark^ 
about three miles from the town, you see two immense 
fires; one on the left hand, about three miles from the 
road, which has been burning these eight years. The 
heap of coal is said to cover. 1^ acres. The other on* 
the right hand is nearer the road, and therefore appears 
more bright; it has been burning these three or four 
years. These fires are not visible duriug the day, but 
only during the night. It has often occurred to me, 
says Dr. Thomson, that this small coal might be con- 
certed into coke with profit, and certainly in all cases 

* Beneath the heaps that have taken fire, a bed of blackish 
brown scoria is formed, which greatly resembles basalt, and is 
Used for mending the roads. (G. T. vol. iv. p. 54.) 
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where coal gas U w^iiteil it would answer as well a 
coai wliatever. 

§ 109. WalHs, in his hbtory of NorthumberlM 
gives lui accouut of a lire happeoing in the High t, 
Coal bed nhoat 140 years ago, on the Town Moor I 
Fenham estates, which continued to burn for 30 yea 
It began at Uuiiwel!, about a quarter of a 
the Tyuc, and at tast extended iiacif uorthward inlo ti 
grounds of Fciibam, iieaily a mite from where it I 
appeared. There were eruptions at Fenham i 
twenty places; sulphur and sal ammoniac being sub- 
limed from the apertures; but no stones of magnitude 
were ejected. Red ashes and burnt clay, the relfes of 
tbis pseu do -volcano, arc Etill to be seen on the western 
declirity of Beuwell hill; and it is credibly reported 
that the soil in some part of the Fenham estate has bocB 
reodered unproductive by the action uf the (ire. 
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^ 110, The choak-damp, ihe Jire-damp. 
damp or sfythe, arc the miners terms for the gasses 
which the coal mines are affected, and of these the 
second, both from its immediate Tiolence and u oc- 
casiontng the other kinds of damps, is the most to be 
dreaded. The accidents arising from it have become 
more coDimon of late years ; but it should not for a mo- 
ment be supposed that Ihey arise from any want of.skiU 
or attention iti the professional surveyors of the mines. 
The following seem to be causes in which the gas origi- 

1st. The coal appears to part with a portion of car- 
buretted hydrogen, when newly exposed to the atmos- 
phere; a fact rendered probable by the well 



Nor tKumher land, coal. 101 

circumstance of the coal being more inflammable wkeil 
fresh from the pit, than after long exposure to the air, 
^d. The pyritous shales that form the floors of the coal 
seams, decompose the water that lodges in them, and this 
process is constantly operating on a great scale in the 
extensive waste of old mines. In whatever mode we 
suppose the gas to be generated, it is disengaged abun- 
dantly from the High Main, but more particularly from 
the Low Main coal-seam, and in a quantity and with a 
rapidity that are truly surprising. It is well known that 
the gas frequently fires in a shaft, long before the coal- 
seam is reached by the sinkers ; and t^at the pit-men 
occasionally open with /their picks, crevices in the coal 
or shale, which emit 700 hogsheads of fire damp in a 
^minute. These blowers (as they are termed) continue 
in a state of activity for many months together, and 
seem to derive their energy from communicating with 
immense reservoirs of air. All these causes unfortunately 
unite in the deep and valuable collieries situated between 
the great north road and the sea. Their air-courses are 
oO or 40 miles in length, and here as might be expected 
the most tremendous explosions ensue. 

The after-damp or sty the, which follows these blasts, 
is a mixture of the carbonic acid and azotic gases result- 
ing from the combustion of the carburetted hydrogen 
in atmospheric air, and more lives are destroyed by this 
than by the violence of the fire-damp. 

To guard against these accidents, every precaution is 
taken that prudence can devise, in conducting and in 
ventilating the mines. Before the pitmen descend, 
wastemen, whose business is to examine those places 
where danger is suspected to lurk, traverse with flint 
inUls the most distant and neglected parts of the work* 
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IngB, in order to asrert^n Hhether atmospheric air cir* 
rulates through then. Large furnaces are kept biiming 
at the up-cast sbafts, in old of which, at WaJl's-end 
colliery, a powerful air-pump, worked by a steam eti^pne, 
is employed (o quicken the draff : this alone draws out 
of the mine 1000 hogsheads of air in a minute, 
of trap door, invented by Mr. Buddie, has al: 
introduced into (he workings of this colliety. This 
suspended from tlic roof by iiingee, wlierever a door 
found necessary to prevent the escape of air. It is prop- 
ped up close to the roof in a horizontal position ; but in 
case of an explosion, the blast removes the prop, where* 
by the door falja down and closes the aperture. 

S 111, Tbe minerals thai accompany the eoal itrtUa 
are, clay -iroD stone forming thin beds or nodules in the 
strata of shale In the nodules of clay -iron si one ire 
found galena and iron pyrites; and the latter is famd 
in great abundance ci^-stallized and disseminated in the 
beds both of coal and of shale. Calcareoos spar is oom- 
mon, cither blended with the coal, or in the form of 
sl^bgmites. 

Sandilone. 
4 lis. The beds of sandHone in the Laadmentuft* 
are termed hazles when they arc fine grained; when al»o 
they are ferruginous and hard, they are termed ti/fi. 
^Vhen coarse> grained, they are called grit. This latter 
is quarried for mill-stoues, and hence the bed is termed 
rnilt-atime-grH. Other beds have received names, either 
from their nature, or the purposes to which they are 
applied. Their ivhole number in the Lead measuTrt 
amount to about 30. They are generally of a fiey 
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colonr, with a tinge of yellow. The lower beds are the 
thickest j these are of 108, 156^ and 180 feet respec- 
tiTelj. 

^113. SwuUtone is termed /?o«^ by the miaers of the 
Coal meantres ; but when the bed is Tery hard it is 
termed whin ; which therefore is not applied to basalt 
only, though most frequently. A bed 66 feet thick 
crops out at the hill called Gateshead Fell, on the south 
of Newcastle, and is quarried for grindstones which are 
of good quality. Great Britain and even the Continent 
are supplied chiefly from this place. The softer parts of 
the bed are used as filtering stones. There are about 25 
beds of sandstone in the Coal measures ; Che greater 
nambe>> of them are thin. 

In one of the sandstone strata, termed Jire-stone^ a 
tiiec has lately been discoyered, 28 or 30 feet in length* 
The trunk and larger branches are siliceous, while the 
bark, the small branches, and the leaves, are converted 
into coal ; and it is believed, that the small veins of coal, 
called by the miners coa/-jp?jpe5, owe their origin uni- 
versally to small branches of trees. It is stated by Mr. 
Winch, as a remarkable and interesting fact, that, while 
the trunks of trees in the Whitby alum-shale are mine<« 
ralized by calcareous spar, clay-ironstone, and' iron- 
pyrites, and their bark is converted into jet\ those 
buried in the Newcastle sandstones are always minera- 
lized by silex, and their bark is changed into common 
coaL (Ann. Dec. 1817, p. 68.) 

Shale. 
§ 114. The beds of shale or sUte'Clay amount to 
about 60 in the Lead measures^ where the miners dis« 
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tinguish them by the name of plaie» They are seldom 
so thick as 40 or 50 feet, but there is one of 70 feet 
Some of these beds are soft, and cmmble by exposure, 
or break spontaneously into thin slaty fragments, termed 
shiver; others are so hard as to require the blast by gun- 
powder ; they are then termed wkm by the miners ; 
nrhich term is also applied to a very hard sandstone, as 
well as to basalt ; it seems to be given to any rock of 
considerable hardness. 

§ 115. The beds of shale in the Coal meeuures 
amount to about 32 in number. Shale is called metal ot 
metal-stone by the miners ; thus they have grey^ blufj 
or black metal, according to the colour of the shiUe; 
when very indurated it is called whin by the Nevrcastltt 
colliers. The beds of shale are usually thinner than 
those of the sandstone with which they alternate. Both 
the sandstone and shale form the roof and floor of the 
coal-beds ; but the latter much more frequently than 
the former. Each is to be seen la immediate contact 
with the coal, without the smallest sensible alteration in 
its properties. But a hard bituminous shale often formf 
the floor of the coal-beds, which is used by the manu- 
facturers of fire-bricks. 

Limestone. 
§ 116. In the Lead measures there arc about 20 
beds of limestone, varying from 3 to 60 or 70 feet in 
thickness; in the aggregate they are 576 feet thick. 
These limestones are generally hard, of a bhie colour, 
not of a cr}staUine texture, and aro all without petri- 
factions except two of the beds ; one of which is full uf 
madrepores, and hard enough to take a polish ^tlic other 
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is full of shells, and is called the cockle shell limestone. 
These lipestones are considered as being characteristic 
of Ihe Lead measures. 

tin beds of limestone occur in the Coal measures. 

Lead Veitu. 
§ 117. We have still to gtre some attention to the 
very important subject of the lead ^elus, which have 
caused the name of lead measures to be given, though 
not with absolute pro^risty, to the large district of which 
they occupy only a small part. The mines are chiefly 
situated in the compass of about 15 miles from north to 
soutfi, by about twenty from east to west ; the sontheni 
boundary of this tract may be considered as a line ex- 
lending about 20 miles eastward from Ciossfcll, In this 
tract of country, to which the lead mines are chiefly 
confined, there are no coat mines. 

^ 118. In the district of the fend mmes there are two 
descriptions of nearly vertical veiai. Those which run 
north and south, or nearly so, are esteemed to be the 
oldest, but they are without lead; while those running 
cast and west, contain it in immense quantity ; they are 
the most numerous, and have been wrought for at least 
SCO years. Some are only a few inches wide, while 
others are several fathoms; but it is a curious circum- 
stance, that these veins are found to vary in width in the 
different beds through which they pass. lu passing dowa 
throDgh the beds of shale, they frequently become nor- < 
row, but when traversing the limestone they widen con- 
siderably; so that a vein which was only two or three 
feet wide and very poor while in the shale, suddenly 
iridened to the extent of 73 feet on e((terijig the lime- 
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stone, aiid became exceedingly rich in lead ore. The 
north and south veins are frequently filled by quartz; 
one of tlien^, called the Devil's back })oue, may be traced 
for a great distance, since it rises considerably above the 
surface of the strata down which it passes ; it consists of 
nearly pure quaitz, in which some copper ore and eien 
galena have occasionally been seen. 

The strata on one side of these cross veins^ as they afC 
termed by the miners, or north and south veins, are in 
some cases much higher than on the other side ; in one 
instance as much as 100 fathonw : the same circumstance 
is observable on each side of the east and west or lead 
▼eins. Their underlie or hade is towards the north or 
south : when the underlie is towards the north,, the 
strata are universally elevated on that side, and rice 
versa. 

§ 1 19. Galena is the only lead ore procared in abun- 
dance from these mines. It contains silver, varying in 
the proportion of 3 to 4^ ounces in the fother of 21 
cwts. ; l^ ounces may be considered as the general 
average, but 8 ounces are worth extracting. If the ore 
be of good quality, 32 cwts. of clean ore will yield 20 
cwts. of lead. 

Between 1803 and 1810, the greatest quantity of lead 
shipped in any one year at the port of Newcastle was 
10,352 tons; the least 3,911. The average quantity 
shipped at Stockton, is about 3000 tons annually. 

The whole of the lead mines of Great Britain are es- 
timated to produce 45,000 to 48,000 tons per annum. 
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Basalt. 
^ 120. Basalt is found both in the lead and coal 
measures. In the first^ it occurs in the form of beds 
(see Plate 2, tig. 4,) interstratified with beds of sand- 
toue^ limestone, &c. ; in veins which are termed di/kes; 
and in masses lying on the surface, termed overliving 
masses. In the Coal measures it occurs, 1 beliere, only 
in difkes. We will begin with the basalt of the former, 
as being the oldest part of the two formations. 

% 121. In the Lead measures^ basalt forms a bed^ 
Tarying from 36 to 180 feet in thickness, called the 
great whin sill; which, in one of the lead mines at Aid- 
stone, is 159 fathoms from the surface. Other beds 
also exist. This basalt is of a coarse-grained texture, 
and is composed of white felspar, and black hornblende ; 
and as the latter predominates, it gives to the rock a dark 
greenish grey colour. In composition, it does not resem-* 
ble the basalt of the Coal measures. Basaltic dj^kes 
intersect the lead mine strata in Aldstone moor, Allen- 
dale, and in Weardale. One is quote^l as being 36 or 37 
feet wide. In the crevices beside tlie dykes, strings of 
lead ore are frequently observed, but are never known 
to pass through the dykes. In overlying masses^ basalt 
occurs in the general form of a long range, crossing the 
country in the direction of north-east and south-west, 
on the north of the lead mines. Close to the edge of 
this range, the Romans constructed their wall, which is 
now standing four feet high in many places ; this basalt 
is occasionally columnar. Higher north, other masses 
are also visible; and still higher, basaltic eminences, 
form a striking feature in the country between Alnwick 
apd Berwick* These eminences have frequently been, 
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chosen for (he sites of castles, as at OunsUnboroi 
Bamborougli, and Holy Island ; some of the small h 
near (be coast are also composed of ttils rock. At 
borough a well was sunk in the Castle hall to the it 
of ISO feet, by which it was ascertained that the 
lying rock of Ijasalt is 75 feet (hick, and rests g| 
fine grained red and white saodstone. 

From a cursory examination of some porti 
basalt of this district. Dr. Tbumsou refers it to 
newest Jiietz trap formation of Werner, (which sopj 
' it to be of aqueous origin) and considers it. 
places, to consist of greenstone rocks, seemingly 
sited abort Ike Independent Coal formation. 
to this supposition there IS a. paper in the Philosophl 
Magazine for August, 1817, by N. J. Winch, 
stating the following facts. 

At Dun3t:in bo rough castle, and at Gunwardeit 
near Barwesford on the north, and at Wratchiff crag 
Alnwick, basalt is inlerstralifieil with other rocks. 
Dunstanboroogh, (he clilT consists of 

ColumnaV basalt. . 8 to 10 feet 

Sandstone 2 feet 

Shale or Slate clay 6 feet 

Basalt to below the water's edge. 

At Gunwardan, strata of dark bluish crystalline line- 
Btone, from three to four feet thick, altcniate twice with 
comport basalt. At Wratchiff crag, basalt altei 
with limestone and slate clay. 

The Author then proceeds, ' It may not be am 
notice a fev phenomena usually accompanying ba& 
this pari of the kingdom, which may i 
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nity of this rock, as is the case with the two lowermost 
strata at Wratchiff crag, but not with the upper oue. 
Shte'Clay or shale is turned into a substance like^m/y« 
skUe or porcelain Jasper^ as is the case with ^he stratum 
IjiDg immediately beneath the upper bed of basalt at 
Wratchtff crag ; and coal is invariably charred w)^n la 
contact with it. The Sandstone on which it sometimes 

4 

reposes, is changed for some depth to a brick -red u:olour. 

§ 122. The number of vetns^ or dykes j traversing the 
strata of the Coal measures ^ is rery considerable, and 
there is no uniformity in their direction. The circum- 
stances attending them^ are in many cases very extraor- 
dinary, and the most considerable basaltic dyke in the 
immediate neighbourhood of Newcastle, is that which 
passes through Coley hill^ about four miles west of the 
town. 

A rlong range of quarries has here been opened upon 
it, in some places to the depthr of bO feet^ and la/ing 
bare the entire width of the dyke, which is 24 feet. 
The dyke in this place appears to be vertical. The ba- 
salt of which it is composed, lies in detached masses 
which are coated with yellow ochre. The removal of 
these, brings to view thin layers of indurated clay with 
which the fissure is lined, and which, breaking into small 
quadrangular prisms, are used by the country people for 
whet-stones : in this substance, clay-iron stone impressed 
with the figures of ferns, is very abundant. 

The upper seam of coal is here found at about 35 feet 
from the surface, and where in contact with the dyke, is 
completely charred, forming an ash-grey porous mass^ 
which breaks into small columnar concretions, exactly 
Ksembling the coak obtained by baking coal iu close 
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iron ryliiiders in the procsBS of distilling coal-tar. Catca* 
rcoufi Hpnr and sulphur are disiicaiinated throiigh 
pores of this salwtaiice. 

The basalt ilself, when braken, is of a. greeniali-bl 
colour, and of a coarse- giaiiied fratti 
quartz, calcareous spar, and another mineral poe 
the following characters. Tlie colour is wan-yell 
passing into olive-green ; the hiMre vitreous, 
that of glassy felspar^ the fracture foliated. It resiiH 
the action of the blowpipe with borax, but with it melli 
into a white glass. The latter circumstance, and the 
foliated fracture, distlngoish this substance from olivhli^' 
whieh gives a dark green bead with borax, and pr 
a fracture more or less conchoidaU 

Passing to the east-south -east of the Coley hill dyke 
in the, line of its direction, a vein is found traversing 
Walker colliery, and crostiing the Tyne at Walker. Thii 
dyke is well defined ; it occasions no alteration in tiit 
level of the coal strata, and the depth at which it inter- 
sects them is unknown, II has been cut through by 
Irorieontal drifts in four places. On each side of it, liie 
loal it converted into coak, w hich on one side, in some 
places, was found to be IS feet thick, and oa the oppo- 
Mte side upwards of nine feet. A lirm, hard, and uQ- 
lirokcn vein of basalt, ou an average about 13 feel thicll, 
was in immediale contact with liie coak on each side; 
and between these two veins, lay nodules of baKill ud 
Nndstone, upwards of nine feet in thickness, imbedded 
in a cement of blue stale. 

At Walbottle Dran, five and a half miles west ofNev* 
caillr, bciow the bridj^e on ihe western road, a donble 
nui of basalt (represented by Re. 2, PL 4, of the «li 
vol. of U. Tiuu.) cn>i»es tlw miae in a diagonal ifi* 
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recdon, passing nearly due east and weii. It hade^ or 
underlies at an angle of 78 degrees, and cuts the coal 
strata -without altering their dip. On the eastern bank 
of the raTine, it is laid bare from the level of the brook 
to the height of about 60 feet. The northern and south* 
em basaltic portions of the rein, the one fiye and the 
other six feet in thickness, are there 13 feet apart, and 
are separated from one another by a confused heap of 
fragments of sandstone and shale, broken from the coal 
strata. With these fragments are found balls of basaltic 
tufa parting into concentric layers, and of a lightish 
brown colour; the balls are most abundant on the sides 
of the rubble near to the basalt. In a neighbouring: 
colliery, both portions of the vein hold their course 
through the seam of coal, which is charred by their in* 
Huence. This basalt contains nodules of quartz and 
chalcedony, but not adularia, which is abundant in the 
basalt of Coley hilL ^' 

A string of gaTena fiHs a crerice beside a rein of basalt 
about two miles beyond Durham. 

A dyke called the Cockfield dyke, which is 17 feet 
wide, hades or underlies to the south, and tlirows up the 
Coal measures on that side 18 feet. The Low main: 
coal contiguous to the basalt, is only nine inches thick,. 
but enlarges to six feet at the distance of 150 feet from^ 
ft* The coul is reduced to a cinder ^ and the sulphur ii^ 
sublimed from the pyrites near to the dyke.. 

A dyke is seen on the banks of the Tees a little below 
Tarm. It there passes into the red sandstone, and con^ 
tiniiing its course in the same direction, is well knowAt 
to traverse the north-eastern part of Yorkshire*. 
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§ 1^3. Besides the fissures filled with basalt, others 
of a very different nature intersect the coal strata. 
Those, if large, are called dykes ; but if inconsiderable, 
troubles J slips^ or hitches ; and are the same that some 
geologists have CbWeA faults. 

The most celebrated of these is called tbe Main or 
Gre(U dyke J or 90 fathom dyke. The latter name has 
been given to it, because the beds on the northern side 
are 90 fathoms lower than those on the southern side of 
it ; its underlie is inconsiderable. In some places, its 
width is not great, but in Montagu colliery, it is 23 
yards wide, and hilled with hard and soft sdndstone* 
This dyke is yisibie in the cliff at Whitley quariy, a 
short distance north of the mouth of the Tyne, from 
which place it traverses the coal strata in the general 
direction of north-north-east and south-south-west, but 
not in a straight line ; jand it is considered to- be proba- 
ble that it passes into the Lead measures : a small atring 
of galena has been observed in it at Whitby. From the 
southern side of this dyke, two others branch off, one to 
the south-east and the other to the south-west. The 
latter is very remarkable : it is called from its breadth, 
the 70 1/ard dyke^ and is filled by a body of hard and 
soft sandstone. This intersects the upper or Beaumont 
seam of coal, which is not thrown out of its level by the 
interruption. The seam however decreases in thicknets 
from the distance of J5 or 16 yards, and the coal first 
becomes sooty ^ and at length assumes the appearance d 
coak* This phenomenon is unknown elsewhere ^ except 
in the vicinity of basaltic dykes. The south-easteni 
branch is only 20 yards in breadth. \ 

There are several other dykes of the same kind : these 
df kes, following the same I4W as the cross veius ia the 
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lead mine district, elevate the strata on the Side to vihich 

The dykes are an endless source of difficaltj and 
expense to the coal-owner, throwing the seams out of 
their lexels, and filling the mines with water and fire- 
damp. At the same time they are not without their 
iise ; when reins are filled^ as is often the case, witk 
^iff clay, numerous springs are dammed up, and brought 
to the surface ; and by means of those dykes which throw 
down the strata, yaluable beds of coal are preserred' 
which would otherwise have cropped out, and been lost' 
altogether. Several valuable beds- of coal would not now 
have existed in the country to- the north, of the main 
dyke, but for the general depression of the beds occa^ 
sioned by that chasm. ^ 

§ 134. By far the greatest assemblage of basaltic' 
rocks in this part of the district, is met with in Teesdale^ 
from the source of the Tees to Eglestone. At Catdroii> 
raout, situated on the moor» ten miles above Middleton^ 
a basaltic ridge crosses- the river, and occasions a suc*- 
eession of cascades for the space of 506 yards, which- 
form a fine contrast with the pool of still water or uheel^^ 

• In the 4di volume of the GeologicarTransactionf, there is a 
diort conununication by the Hon. H. G. Bennet on a JVhin dyke- 
traversing the litnestone and other strata in Beadnel bay on the 
north-east coast of Northumberland ; by which it appears that the ' 
limestone irio altered in quality in those parts of it Which lie ia- 
the immediate vicinity of the dyke, tliat it will not burn into lime ' ^ 
of any value, nor within 20 feet of it. A stratum composed of fel^ - 
$par and carbonate of lime, is so altered near the dyke, as toresem* 
ble the substance of the dyke itself, which is unlike that of the' 
dykes in the north- wejtirn part of the coufity; thete-Mre-coiDpofed^ 
Itrindpsally. of honibUnd«r 
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aboTe the falls. It was here immediately under \ 
basalt that the Rev. J. IJarrimuu disravered small « 
garnets? crystallized in dodecahedrons, ai 
in a thin ctratum ot pale red honiGtone or chert II 
particles of calcareous spar. 

Near llie steep acclirily which terminates Cron^lejr 
Fell, another range of basalt interrupts the course of the 
Tecs, and causes the cataiact called the Ui^h or Mirkek 
force, where the water is precipitated from the bcif(ht 
of 66 feet. The rock whiiii here crosses the rirer, ii 
apparently an overlying muss of coarse-grained grey 
hasalt, the hornblende and the felspar which compow 
it not being intimately blended. It rests apon tli<! Icail- 
miuf sills, and shoots, on the banks of the Tees, into 
regular columns of considerable magnitude and He* 
ration. A few miks below this casohde, and about three 

ye Midclleton, perpeodicnlar basaltic roeks ag^n 
form the banks of the river. To these, iron chauis bave 
been fastened for supporting Winch bridge. 

This remarkable etrueture, if it can be so called, is a 
ilauk two feet in breadth, with low hand rails, im- 
pended fiQ feet aboTe the Tees, which is here 63 feel 

e. Some miners contrived it for the purpose ot 
passing from the county of Durham to Hoi wick in Yoi^ 
ihire. 

In the fragments of basalt which are found scatte: 
iver tlie surface in Teesdale, and in other parts o 
district, small grains of yellow olivine, and of 
Mack augite, are found imbedded. (G, T. to). It. p. 

§ 125. We have no tery intelligible account of B 
great Derbi/shire Caai-Jieldy which is 'considered to I 
united with that of Yorkshire, The coal strata of X 
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byshire are traTersed and dislocated by an immense fault 
proceeding from near the termination of the magnesian 
limestone range on the south, northwards, in a zig-zag 
direction, on the western side of that limestone, quite 
into Yorkshire. Of this fault, nothing has I believe 
been said in regard to its size or contents : but it is be- 
lieved to be owing to it that the coal strata of Derby- 
flbire and Yorkshire, through which it passes, are on the 
west of it, so dislocated, that it would be extremely 
di^ult so to connect the beds of coal, and the inter- 
posed substances, as to form a reasonable conclusion as 
to their number and nature. The beds of coal west of 
the fault, are known to pass beneath the magnesian 
limestone, since they are worked beneath it, (§ 90). 

It is '^certained that the strata of which the whole 
formation consists, arc nqmerous. There are 20 grit- 
stone beds, numerous strata of shale, bind, and clunch^ 
alternating with several beds of coal of different thick- 
liess and value. The whole series lies upon a gritstone 
(termed the millstone grit, § 137), beneath which no 
workable coal is found ; and the gritstone reposes upon 
the series of beds of mountain limestone and toadstone 
(^ 132) which basset or crop out at the surface on the 
western side of the county, forming its great mountain 
ridge. Some of the gritstone beds are of great thick- 
ness, and are described as consisting of grains of semi- 
transparent silex, which do not appear to be rounded by 
attrition, united by an argillaceous cement ; in some of 
the beds, there are smaller ones, in which the cement 
is Tery smajil in quantity, and from which are quarried 
grindstones for cutlers, &c. The beds of shakj consist 
of a slaty argillaceous substance of a black or brown co- 
lour^ rarely of a light yellow j their joints are ochreous^ 
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and the springs of water issuing from tliem arc tinged bj 
iron. Some of fhem contain a sort of muscle shell, anii 
anomia shells, but not ronnnonly ; and roundish or oittt 
masses of argiUaceous irott-sfone, and even thiH strata of 
it, in wliich are coaly impressions nf rpgel«l>les. These 
iron-stones dip, of course, with tlie strata, bciieafh the 
grass; and the workings of them, which are numerous, are 
begun ut the surface, and pursued until it becomes dan- 
gerous, from the loose nature of the stratum in whicli thej 
tie, to follow tliem deeper. In some places, where Ihe iet- 
tui* of the bed is favorable, the iron ore has been fol- 
lowed down 35 or 40 yards. This ore also is found in 
the beds which are by the miners called Bitids^ whicli 
appear to be beds of indurated loam, or of sand and city 
mixed and indurated, and which are inclosed la the 
shale just noticed ; the bind falls to pieces on exprnuiTt 
however hard it may be in its natural state and position. 
When the sand abounds, and the bed is Tery hard, U'h 
called stonc'bind, and it then cont^iins scales of miet. 
Binds are black, or blue, yellow, grey, Sic. Some ft 
the very hard black binds are used as black clalk by the 
stone mason. Others when decomposed bcrome good 
brick clay, as well as the Cltinches, which we liate yd 
to notice. Clunch is indurated clay, and yields thne 
infusible kinds which are adapted for lire-bricks; It 
Tarics in hardness, and is black, grey, yellow, wUHf 
&c. Clunch is generally found immediately beneaill eack 
bed of coal, and at the places where it bassets or cwpi 
out on the surface, becomes soft clay. (F. passim.) 

But besides the fault Just now noticed as traversing tlc 
coal in the direcfiou o! north and south, on the westei*' 
side of the magnesian limestone, and others which an 
foond in the Coal-field, aud which hare hitherto pre* 



Shropikire. coal. 117 

▼ented an accurate description of its strata, there is a 
▼erjr extensive one whicfar runs in the direction of nearly 
east and west ; proceeding from near Nottingham, so as 
to pass the southern termination of the magnesian lime- 
stone range, and for some distance on the west side of 
it. The consequence of this fault is described as being 
very important; inasmuch as the Derbyshire coal-field, 
which is on the north of it, h^s been, as it were, raised 
to a level with the red marie on the south of it. (F. 165.) 
That is to say, the coal, which is commonly beneath the 
red marie, as near Bristol and other places, is here on a 
lerel with it. Hence it seems reasonable to conclude 
that the fault was once a fissure, caused by the elevation 
of the strata on the one side, or by their depression on 
\he other ; this may appear theoretical at first, but when 
we recollect that not only in coal countries, but in those 
producing copper and tin, as in Cornwall, the regular 
▼eins have been altered in their position on one or the 
other side of the cross veins, in at least a thousand in* 
stances^ we shall scarcely esteem it to be theoretical ; 
and we shall judge them to have been fissures, conse- 
quent to the partial elevation or depression of the strata^ 
from causes which now are inexplicable. 

. { 126. Of the Shropshire coaUfield there is an ac* 
count in the first volume of the Transactions of the 
Geological Society, to which I must refer the reader, 
since it is impossible here to do justice to that commu- 
nication. In general terms, however, it may not be 
amiss to say that a sandstone prevails in its neighbour- 
hood, which is judged by its characters to be the old red 
sandstone of Werner. Tlie Staflbrdshire, coal beds dip 
tpfiidly towards this sandstone in a westerly direction^ 
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and those of Shropshire in an easleriy direction ; iit 
sandstone between the two formations being 12 mile* 
wide. It has not been ascertained that they pass be- 
neatb it. The independent roal formalion of Sliropsliire 
is fotind immediate!}' adjacent to the sandstone, from 
Wombridge in the parallel of Wellington to Coal-port 
on the Serem, a length of about sii miles ; iu greatest 
breath is about two miles. It is composed of (he ntiia) 
members, namely, of qnartzoae sandstone^ of induraUd 
clai/, of clnjf porph^r}/, of ilate clay, and of coat, altor- 
nating with each other without much regularity, exct^X 
that each bed of coat m aixriiya iminedialclif fosercd by 
indurated or sla/y-claj/, and not by sandstone. 7Vi(p, 
or greenstone, appear in some places between the coll 
formation and the limestone on which it resls. Tb« 
series immediately belonging to the coaL formatioD it 
most complete in the deep of Madely colliery, wlierei 
pit has been sunk to the depth of 720 feet through alt 
tlie betls, eighty-six in number, tliat constitute lbi( 
formation. 

The landstones, which make part of the first 30 strati, 
»re fine-grained, considerably micaceous, and often con- 
tain thill plates or minute fragments of coal. The 3t)t 
and SSii strata are coarse-grained sandstone enlircly 
penetrated by petroleum ; they are, both together, Mlttt 
feet and a half thick, and furnish (he supply of petro- 
leum that issues from the tar-sj>rinf.'VL\ Coal-port. At 
the depth of 430 feet occuis the first bed of »cry coaiM 
sandstone or grit ; its thickness ia about 15 feer. Tlw 
nest bed of sandstone deserving notice, occurs at the 
depth of 57fl feet, is about 18 feet thick» is fine-grained 
and Tery hard, and is often mixed with a Hltle petio- 
leum; the uajne giren to it by the colliers is tiie^ 
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jfiint. The lowest sandstone, called the Utile flinty Is 
the 85th in number, and is about 15 feet thick; the 
lower |>art is verj^ coarse and full of ebbtes of quartz ; 
the. upper is of a fine grain, and sometimes is rendered 
▼ery dense and hard by an intimate mixture of iron ore; 
it occms at tlie depth of 705 feet. Vegetable impres- 
sions are met with in most of the sandstone beds, but it 
IS not known that they contain shells. 

The cla^-porphyry occurs only once in the whole 
series ; it forms a bed nine inches thick, at the depth of 
73 feet from the surface. It consists of a highly indu« 
rated day of a liver-brown colour, in which are im- 
bedded grains of quartz, of hornbleud, and of felspar. 
' The indurated clay is in some beds compact, dull, 
and smooth; it is then termed clod: in others it is 
glossy, unctuous, and tending to a slaty texture, and is 
then called clunck. It encloses beds of cl^y -ironstone 
In the form of compressed balls, some vegetable impres- 
dons, and a few shells. The beds of iron ore are ^ye 
or six in number ; they all lie in the indurated clays, 
itod all consist of balls or broad flat masses. 

The Slaty clay^ called by the miners basses^ is of a 
bluish black colour and slaty texture; it usually con- 
tains pyrites, and is always either mixed with coal, or 
combined with petroleum ; in the former case it passes 
insensibly into slaty coal, and in the latter into cannel 
coal. 

The first bed of Coal occurs at the depth of 102 feet 
from the surface, is not more than four inches thick, and 
ii rery sulphureous ; nine other beds of a similar nature, 
hat somewhat thicker, lie between this and the depth of 
396 feet. They are termed stinking coal, and are em- 
ployed only in the burning of lime. The first bed of 
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coal that is worked is five feet thick, and occars in this 
colliery at the depth of 496 feet ; between this bed aod 
the big-flint sandstone, are two beds of coal, one ten 
inches the other three feet thick. Between the big and 
little flints, which are about 100 feet ftpart, lie nine beds 
of coal of the aggregate thickness of about 16 feet, fie* 
neath this, and the lowest bed of the whole formation, 
is a sulphureous eight-inch coal. The best coal of the 
above beds, usually presents a mixture of slate coal and 
pitch coal, rarely of cannel coal ; none of it possesses 
the quality of caking. 

Of the numerous beds visible in this colliery, some 
are wanting in the neighbouring ones, and there exists 
also a considerable difference in the thicknesses of the 
respective beds. 

The whole Coal formation rests either upon die^earikj 
or limestone^ except that at one place greenstone^trap 
is interposed between the coal and limestone. 

The Die-earth is so named from the fact that the beds 
of coal die or cease beneath it. Its colour is greyish; 
it consists of line sand, of particles of limestone, and of 
clay, mixed together in various proportions ; it is often 
also micaceous. It contains a few bivalves, chiefly of 
the genus cardium, and the entomolithus paradoxas, 
or Dudley fossil. The thickness of this bed varies 
from a few feet to an hundred yards ; it encloses frag- 
ments of limestone, and is interposed between the lime- 
stone and the Coal formation, without possessing the dip 
or direction of either the one or the other. 

The Grecnstone^trap is described as being perfectly 
unstratified, and as forming two principal deposites; the 
one constituting the, chief mass of the hill on which the 
town of Little Wenlock is built, the other that of Steer- 
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away hill. At the former place, tliis rock appears for 
the most part to occupy the space between the Coal for" 
fnaiion and the sul^cent limestone ; and accordingly, at 
the eastern foot of the hill may be seen the great body 
of the coal at its usual angle, while the little flint sand- 
stone (the lowest member of the Coal for mat. ion) highly 
derated, covers the ascent of the hill, and is found in 
feteral detached patches on its summit, but in nearly 
horizontal strata. Of the greenstone there are several 
varieties. Occasionally it appears to be composed of 
hornblende and felspar, with a little calcareous spar and 
mica. In some places it consists chiefly of greenish- 
white felspar and hornblende in small masses, coated by 
calcareous spar ; but sometimes it is more or less amyg* 
-daloidalj inclosing globules of radiated calcareous spar. 
In others, it includes a predominating proportion of flesh* 
coloured fels^iar, giving to the rock a sienitic appear- 
ance. (G. T. vol. i. p. 203.) 

- The Limestone formation in the neighbourhood, ap- 
pears generally speaking to have the same characters as 
the mountain limestone, which commonly is found con- 
nected with the Coal formations of England. It consists 
of beds of limestone and sandstone, forming two moun- 
tain ranges in the direction of N. E. and S. W. The 
limestone contains madrepores, particularly the catenaria 
or chain coral, pentacrinites, small ammonites, and a few 
bivalve shells. At the northern extremity of one range 
where it comes in contact with the Coal formation, the 
limestone contains cavities which are lined with, or arc 
fall of petroleum. The intersection of the limestone 
tiills by vallies, and the variations in the dip of the strata 
composing them, have given rise to the suppositiou of 

L 
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iheir havini; been «Qbjected wholly or in part to sobii- 
deiice or elerauon. (G. T. toI. i. p. 201 ). 

Beneath the limestone is a Trap formation ; but be- 
ttreen them, lies a ilate^clay containing substances htr- 
ing the impression of marine remains ; also a q^arU'grit, 
and a bed of cla^$toRe or compact/eltpary which r^oses 
on the trap formation. (§ 178.) 

§ 127. In the Geological Transactions, (vol. iii.) there 
is a Tery interesting account of a '^ Bed of Trap occorrii^ 
in the colliery of Birch-hill, near Walsall in Siafford* 
shire^ by Arthur Aikin, Esq." This bed forms one of 
the strata of the Coal-deposite. It lies upon an indorMed 
sandstone, and is coTcrcd by a bed of slaty clay ; it 
Taries in thickness from 12 to 27 feet, thinning off«s it 
recedes from a mass of the same substance, forming a 
hillock aboYe the surface on the verge of the mine, and 
with which it is supposed to be connected. The bed of 
the Green rofk (as it is termed by the miner) is sepa- 
rated fiom a bed of coal, by a bed of indurated sandstoM 
a yard thick, and seems to have had no further effect ot 
the coal, than that of deprifing it of its bitumen, there- 
by reducing it to the state of blind coal. The coal and 
the numerous intcrrening strata, are intersected and dis- 
located by fauUy as it is expressly termed in the mining 
country, which consists of the same material as the Green 
rock itself, whence it is concluded tliat they are con- 
iicctcd. 

The Green rock is considered to be one of the ?ariedef 
ofTiap rocks, called greemtone^ being composed prims* 
riiy of felspar and amorphous hornblende. It contaias 
also carbonate of lime. 
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• Professor Jameson, in liis mineralogical account of 
Dumfrieshire, mentions beds of greenstone as occiyring 
in the independent Coal formation. 

^ 128. The Great CoaUJieU, of South Walesy ex- 
tending from Pontipool on the east to St. Bride's Bay, 
south of St. David's head, on the vest, belongs io the in- 
dependent Coal-formation ; and is situated in a larg« 
limestone basin. The limestone crops out at the surface 
all round the coal, except where its continuity is inter- 
rupted by Swansea and Caermarthen bays. The deepest 
part of this basin is in the neighbourhood o( Neath, 
which i8> near its centre : and below Neath, or a Uttie 
to the west of it, the lowest strata of coal are nearly 
700. fathoms lower than tlie outcrop of some of the supe- 
rior strata in the more hilly parts of this district. The 
bed of coal which is nearest to the surface, Ues (near 
Neath) about 60 fathoms beneath it, and rises to it about 
a mile north and south, and also a few miles east and 
west of the deepest pait of the basin. So that we are to 
imagine the inferior beds of coal rising to the surface 
all round the outcrop of the superior stratum, and be- 
tween it and the basset edges of the limestone basin* 
If a line be drawn from Pontipool on tbe east to St. 
Bride's bay on the west, it may be said that all the beds 
of coal on the north of that line crop out on the north 
of it, at distances proportionate to their depth beneath 
the, surface : so also those on the south of that line, 
rise to the surface on the south of it ; except near Pon- 
tipool, where they rise towards the east. 

It appears however that, though the lowest bed of coal 
is so far beneath the greatest elevations of this district 
^\ near 700 fathoms, the miner finds it without any 

1.2 



124 coACk South IVaUi. 

very considerable descent : for the whole country is in- 
tersected bj deep Tallies in a north and soutk directioO| 
which consequently cut the strata of the coal. The 
miner therefore, taking advantage of this circumstaoce^ 
drives levels into the hills, and there finds the bedi of 
coal and ironstone ; there arc however many mines in 
rallies and low places. 

There are 19 beds of coal from three to nine feet thick, 
naking together 70f feet ; and 1 1 others froitt 18 inches 
to three feet, making 24| feet; together 95 feet of 
workable coal^ besides numerous other beds from six to 
18 inches thick. By taking the average length and 
breadth of the Coal-field, the amount is aboat 1000 
square miles, containing 95 feet of coal in 23 distuict 
strata, which will produce in the common way of work* 
ing, 100,000 tons per acre, or 64,000,000 tons per 
square mile. 

The coal on the north-eastern side of the basin is of a 
coaking quality, on the north-western it is what is termed 
stone-coal (the large of which is used for drying malt 
and hops, and the small, which is called culmy for the 
bnrning of limestone) ; on the south side, from Pouti- 
pool to Caermarthen bay, the coal is principally of a 
l)]tuminous or binding quality. 

Near the western termination of the basin, beyond 
Caermarthen bay, it is shallower, so that the beds of 
coal, found in the deeper parts, are not found there. 

Of the iron'ore^ contained in this basin we have but 
little that is satibfactor}' ; nothing on the methods of work* 
jng it. It appears that the lower beds of the deposite en- 
close parallel strata of iron-ore, of which there are ia 
some situations about 16, accompanied by irregular btlls 
or lumps of iron ore. The latter are also found in regular 
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strata at rarioas depths, between the beds of coaU 
(P. T. 1806, p. 342.) 

In the communication from which these extracts ar9 
made, no account is given of the nature of the beds re« 
posing upon or between the beds of coal^ or ou the sab^ 
ject of , the organic remains they contain. 

This Coal-field is traversed by tl^lces^ wfatiU$^ gene- 
rally in a north and south direction, which throw all the 
strata from 50 to 100 fatlwms up or down ; but they do 
not appear on the surface; no account is given of tlieir 
nature or extent* 

§ 129. The deposite of Coalif matter found near 
Boivif Tracey in Devonshire, and thence termed Bovey 
coal, is not a member of the Independent Coal formation ^ 
but of the mewer,' termed Wood-coal. The principal 
beds are found beneath the surface of a common called 
Bovey Heathfield, la miles south-»we6t of Exeter, and 
three miles west of Chudleigh. The surface consists. of 
a white sand intermixed with an ash-colouredf clay* 

The thickness of the whole deposite, including the beds 
of clay with which the strata of coal are interstratified^ 
is about 70 feet. There sure about six beds of coal and 
as many of a brownish clay. The upper stratum of coal 
varies from 18 inches to four feet in thickness, and each 
succeeding stratum is thicker, so that the lowermost is: 
16 feet thick» The latter lies on a bed of greenish sand 
about 17 feet thick, reposing on a bed of hard close clay„ 
which has been bored into, without finding coal. Thes^ 
strata are known to extend a mile in one direction* 
They dip 20 inches in a fathom towards the south- 

The clay near iho coal is somewhat bituminous, and 
small grsuos of coal resembling reeds and grass^^^^ fouiidl 
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the beds of clay ; in which, but adhering to the veins 
of coal, occur lumps of a bright yellow loam, extremely 
light, anil so saturated wllh petroleum (Re tin asp halt) . 
that they burn like sealing-wax, emitting a rery agrM» ] 
able aromatic scent> 

The substance and quality of each stratum of coal h 
pretty much alike ; but some ditTereuccs are fouud to 
exist. In the centre of the lowermost stratum espect- 
ally, there are beds which are more compact and solii 
black, and almost as heaTy ns common coal ; these 
lAt so readily divide iuto lamioa;, arc more bitumim 
and make a more lusting fire. These are distinguished 
by the name of stone-coal. But the most remarkalile 
of all the strata is that which is termed wood-coal', ot 
board-coal, from the resemblance of its grain to that of 
deal boards. It is sometimes of a chocolate cotoor, 
sometimes black, still more bituminous, but not so solid 
as the stone coal, and lies in straight lunlnc, and i* 
frequently taken out in pieces of three or four f'eet Id 
length. When first dug, it is moist, and readily beoAs, 
but by exposure becomes dry and crisj>. Small protu- 
berances sometimes appear resembling knots of trefs. 

But though the texture of this coal is laminftted, it 
does not appear to have the woody substance ; an<l It ii 
said that no appearances of branches or stems of trees 
baTe been discovered. (P. T. 1780, p. 534.) 
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Tins rock, wlilch is common (o Derbyshire 
atid manj other parts of England, has obtained the name 
of Mountain Limestone, to distinguish it from some 
other limestones, tvhicli, though most of them agree witll 
it in the character of forming considerable eleyations, 
difler from it in point of cani|ioEition and geological 
situation. Ft is a secondary rock, abounding with marine 
shells, and cnclositifj coratloids, madrepores, &c. and is 
intersected by numerous metallic veins, chJeHy of lead, 
more rarely of copper. It sometimes conliiins beds ol 
^winestone, as in Derbyshire, Shropshire, and Northnm. 
berlaud ; and is associated with more compai^t varieties, 
which, as they admit of a high polish, and are sorae< 
limes beautifully variegated, have obtained the nai 
marble. 

It is, I believe, an undispoted fact that all the inde. 
pendent coal formations of England and Wales, res 
upon beds or strata of limestone, greatly resembling the 
limestouc of Derbyshire in respect of the organic re- 
mains it contains. (§ 95 Sc seq.) 



4 131. The mountain limestone formation of England 
Consists of many beds of rocks which differ greatly; 
even the beds of limestone do not always resemble each 
other, either in aspect or chemical composition ; and 
ihe substances nith which they are interstratified, con- 
Hst of marlci, clays, sandstones, and even cool. Amyg- 
<bloid also is fgiind betweea the straU of liDMSloae in 
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Derbyshire, and basalt in the north of England ; bat the 
nature of these rocks is yet' far from being accurately 
understood (§ 179): one circumstance is remarkable; 
namely, that althotrgli they lie between beds of lime- 
stone full of organic remains, they contain none. This 
has in part been the cause of much theoretical reasoning 
on their nature, and the relative time of their formation^ 
"with which here we have nothing to do. Our objects 
are geological facts. In the following notice of the 
mountain limestone formation of England^ a short ac« 
count will be given of the substances with which the 
limestone is interstratified ; and amongst them of basalt 
and amygdaloid ; referring the reader to the ^ order of 
superposition," &c. to be found at the close of tUs 
Tolume, for an account of the class which has been 
theoretically assigned to these rocks, and which is alto- 
gether Wernerian : the great similarity in their position^ 
however^ evinces that there is much analogy betweea 
them (% 121, 134). But it will appear from the cztm* 
ordinary circumstance attending the whin or basalty 
occurring in veins- or dykes in the great coal-field ^of the 
north of Ekigland (§ 122), that there is some reason fof 
doubting whether it be of th^ same origin as the basalt 
and toadstone occurring in beds* 

§ 132. The mountsun limestone tract of Derbyshirf 
. extends from Castleion^ which is its northernmost point, 
about 25 miles south of that place > its breadth does not 
appear any where to exceed about 15 miles. Its form 
on the surface is very irregular.. The Peak forest ex- 
tends over its north-western extremity ; on the south of 
which^ Buxton, is situated on the western edge of this 
tract^ Matlock is on its eastern extremity. The snrfiifift 
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of tbis district is occupied by the oitt'Crop of four stratm 
of Umegtone, and of three beds of toadstone which He 
between the strata of Umeetone. Upon the upper bed 
of limestone rests a stratum of shale^ containing beds of 
limestone ; and on the shale reposes a stratum of grit* 
stone ; the out-crop of these two beds being on the east 
of Matlock. Ali these beds hare a general direction on 
tlitt surface from north to south, and dip, in some places 
at least, towards the east, passing beneath the coal mea* 
0urcs (§ 1^5), which, on the surface, and under it, lie 
between the mountain limestone, and the magnesian 
limestone (§ 86) on its east. In this part are situated 
the numerous lead mines of Derbyshire, and eyen some 
tnines of copper. 

§ 1 33. We have to notice the nature of the strata of 
limestone^ toadstone j shale ^ and gritstone; and shall 
afterwards say a few words on the veins passing through 
them. 

The lowest stratum of limestone^ being that, on the out* 
going or outcrop of which are situated the Peak forest, 
Buxton and many towns on the south of it, passes acroM 
Dove dale and Wetton dale : the Wearer hills consist 
of it. In it are many caverns, as the immense one 
called Elden hole, north of Peak Forest town ; the 
Devil's hall, connected by a tunnel with the Speedwell 
mine ; Pool's hole near Buxton, and several of less note. 
Its stratification, and that of all the superior strata, is in 
many places greatly affected by what is termed a great 
limestone fault (F. 280&seq.), but of which I have not 
been able to discover any account, except of its direc* 
tion ; it is very long and circuitous. The thickness 
of this lower limestone stratum is ziot ^nown ; we are 
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consequently ignorant of the rock on which it rests. It 
is regularly stratified, consisting of tery many beds, 
several of which are of considerable thickness; some 
thin ones are desciibcd as being a freestone (sand- 
stone ?) : its colour varies from white U> a yellowich 
stone colour, it rarely includes dark coloured beds. 
Small entrochi, numerous anomia and other shells and 
organic remains, occur throughout the whole of thii 
ftratum : in some mines, a thin bed of clay had been 
found in it. The lime yielded by this stratum is pre- 
ferred to that of the strata above it. A bed of toadstone 
lies on it, but I propose to notice together the three 
beds of this substance, and therefore proceed to the 

Second stratum of limestone.' This is about 210 feet 
in thickness, and consists also of many beds ; the su- 
perior ones are often of a dark colour, and contain 
nodules of black chert, shells of the genus anomia, 
madrepores, &c. i some of the beds are quite black* It 
contains layers of clay, and towards the lower part of it, 
some dark beds of limestone contain white madrepores. 
Imbedded masses of toadstone occur in it. On this lies 
another bed o^ toadstone, to which succeeds a 

Thirdstratum of limestone. This, like the two preceding 
strata, consists of many beds whose average thickness is 
about 150 feet : and it is worthy of note that several of 
them are of magnesian limestone. In some places the 
upper beds partake so greatly of the nature of chert, as 
to be unfit for the purposes of the lime-burner ; these 
cherty masses arc usually called in Derbyshire, dm^ 
stonCj or bastard limestone. Here and there are masses 
of white chert or china-stone, i^ome few beds contaia 
cntrochi ; and towards the lower part are beds of a very 
black limestone, which, as it takes a very brilliant polish, 
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is termed black marble. It contains thtn beds of clay 
On this stratum lies the third bed of toads tone, on 
which reposes the 

Upper Limestone, This, like the preceding, is about 
150 feet in thickness'. In it, as in the three lower 
strata, some thin beds of clay are found, and it contains 
imbedded masses of toadstone, though rarely. The 
tipper beds are of that variety of limestone called swine- 
stone, and are often dark coloured or black : near the 
top are found layers of nodules of black chert, similar 
in their arrangement to the jflint nodules in chalk ; in 
the upper beds also the shells called anomia, and others, 
are common. The middle beds contain vast assemblages^ 
of entrochi, and are occasionally quarried as marbles ; 
and it is remarkable that in some places^ where these 
middle beds basset out on the surface, masses are 
ploughed up from beneath the alluvial soil, exhibiting 
the casts of the inside of entrochi in chert ; these arc 
commonly called screw-stones. Blocks of these were 
heretofore used in the forming of mill-stones, which 
were employed instead of the French buhr-stone. This 
stratum contains beds of what is termed white chert or 
china-stone, of which considerable quantities are used 
in the Staffordshire potteries.* (F. 271 & seq.) 

* It is in a mountain composed of limestone, that the beautiful 
masses of various coloured fluo^ spar, termed Blue John, are found. 
The mountain has no appearance of regular stratification, and is 
full of fissures and caverns of immense depth : the fluor occurs in 
those nearly horizontal beds, or rather openinc^s, which are termed 
fifie nnlns (§ 138), and is found of a roundish form, in which it 
seems to have crystallized ; but the centre is frequently hol]ow« 
It is from these masses that e'egant vaies, &c. are manufactured 
by Mawc'&Co. (M, 69) 
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4 134. We cbme now to tke consideration of (he 
three beds of Toadstoiie intcniralifird aith the Jour 
beds of limestone. Thpse are said to be truo and regu- 
and are so calculated upou by Intelligent miners; 
yet in several places they hitve proved of great f liieknesf, 
ind ill others very tLin; in no place are they entirely 
wautliig ; the average thickness of the two undennod 
beds is about 75 feet, Ihc upper bed is about 60 feel 
thick. Hut It is requisite to say, tiiat each of the lime- 
stone strata encloacs masses of loadstone, which are not 
connected with the regular strata of that substance; lo 
cb is attributed the suspicion entertained by wine 
that it is not stratified ul all. (F. 279.) 

All the strata of limestone and toadstonc are said In 
basset out in rertuln places In the district before men- 
tioned, but their perfect regularity and continuity li) 
this respect, appears to have been greatly affected by Ihc 
fault already mentioned. 

Tlie toadstone is described as a compact, hard, remi> 
ginous stone, somewhat of the colour of the back of ■ 
load, whence its familiar name. It frequently efferveMVi 
strongly with acids, and contains globules of whitish 
rnlcareous spar from the size of a pin's head to that of 
linzle nutS) or larger, having the appearance of rounded 
pebbles; these nodules, when exposed at the sutfncr, 
fall out, leaving the imbedding substance with u caver- 
s or porous aspect. Occasionally it is schistose; in 
other places it appears as a clay, both in deep mines mil 
Q the surface, and is of a bluish grey colour. In tliei* 
clays, it is said that masses of basalt, and others uf t^ 
hardest class of these stones, occur, and occaBlmninyll 
the same shapes as the pentagonal basaltic eolaaini, D 
is not uncommon to iind in the uppci bed of toadiia 
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chalcedonj, hornblende, jasper, zeolite, and green esirth. 

(F. 413.) 

In the cave at Castleton, which is a deep ravine at the 
back of the castle, the toadstone is seen in the form of an 
irregular column, is as ham as ordinary basalt, compact, 
mad contains hornblende and some patches or streaks 
of red jasper : a similar variety is also found near Bux- 
ton, containing zeolite and chalcedony. The toadstone 
has no internal ^pearance of stratification ; no impres- 
gion of vegetables, nor of marine exuvias, which occur 
plentifully in the limestone in which it is iiiterstratified%* 
(M. 40.) 

* The great whin tiU of the lead miners m the north of Eng- 
land, is described as being a bed of basalt^ coarse-grained in tex- 
tvre, and composed of white felspar and black hornblende, ithe 
latter predominating and giving to the rock a dark greenish grey 
colour. It lies between beds of limestone, &c. (§121), and there* 
fore in point of situation agrees remarkably well with the toad' 
tUme of Derbyshire. (G. T. vol. iv. p. 7S.) I am not aware that 
the latter rock has ever received the name of basalt, though it 
occasionally assumes its character and hardness. The actual dis- 
tipction between thetoadstone of Derbyshire and the basalt of the 
north of England, has never been clearly pointed out ; and since 
their geological position is the same, is there not reason for con- 
cluding tl^t they are of the same origin, and therefore that they 
ought to receive the same designation ? By the preceding account 
of the toadstone, it will be observed that its characters differ 
eisentiaUIy in different places, which also is the case with some of 
the basalts of the northern parts of England, especially of those 
fMod in what are termed cverlyimg masses (§ 121). Both are con* 
lidered as tra^ rock*. If the reader be desirous of inquiring into 
the probable origin of basalt, and of other rocks usually associated 
vnder the general name of flatz tra/t^ he is particularly referred 
to a very candid and ingenious note on that subject by the Rev. 
W. Conybeare, inserted in the 3d volume of the Tituuactions of 
the Gkological Society, p. 208. 
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§ 135. Near Hopton hall,- where the lower bed of 
toadsione rises to the surface, a vertical tein six iochei 
wide, was found in it, in 1796, hi making a road. In 
the part which was first seen, it was filled with a bright 
coaly or bituminous substance, which was highly infiam- 
mable; this soon terminated abruptly against one of 
those substances, which occasionally recelTe the name fii 
trap, or amygdaloid, which is a variety of trap, or basalt; 
and the vein is then described as haying the appearance 
of a whin^dyke^ and as being the only instance of the 
kind in the county. (F. 175.) For some account of tke 
basaltic or whin dykes of the great coal formation siir> 
rounding Newcastle, see § 122. 

9 

§ 136. The Great shale^ or Limestone shale^ resting 
on the upper mest of the four beds of limestone^ occupies 
a large tract on the surface. Its thickness is areraged 
at about 450 feet. Its general colour is black ; it dis- 
integrates on the surface, forming a strong loam or clay; 
which, when it is not too wet, is a very productiTe soil; 
but in some places the shale itself is durable, remaining 
for ages in the soil, of the size of a half crown or a penny 
pieee, from which it is presumed to have taken the name 
of penny shale. From the decomposed shale of this 
stratum, bricks and tiles are made in several places. It 
contains occasional beds of a fine-grained siliceous free- 
stone, full of mica in minute plates, and is stained with 
concentric rings of several shades of yellow and red. 
It is considered to be the most perfect freestone of the 
district, and is quarried in several places, having been 
used in tiie construction of some of the finest buildings 
in Derbyshire. This stratum also contains great masses^ 
and occasional beds of a dark blue or black liinestenet 
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Hfhich at Ashford is quarried as a black marble. The 
stratification of this shale is by no means regular, being 
in different places horizontal, inclined, and even con- 
torted. The rottenstone of Derbyshire is considered to 
arise from the occasional decomposition of these lime- 
stone beds, near or upon the surface. They sometimes 
contairi ironstone^ This stratum encloses vegetable ini' 
pressions; and some beds of coal of small extent, vary- 
ing from a quarter of an inch to two inches in thickness. 
Sulphur^ in small quanti(y is found in its cavities, and 
geodes of limestone filled with liquid bitumen in several 
of the mines. (F. 227 & seq.) The hot springs of 
Buxton issue from this stratum. (M. 24.) 

• § 137. We have now arrived at the consideration of 
the stratum of Gritstone overlying the stratum ofshaUy 
ike four limestones and' three interposed beds of toad' 
§ione. It is requisite here to remark that this grit- 
stone ^s the stratum on which the great Derbyshire and 
Yorkshire coal measures lie ; so that its situation might 
render it in some degree uncertain, whether it ought not 
to be considered as a member of that important series^ 
rather than as belonging to the limestone formation: 
bat the question seems decided in. favour of the latter^ 
hy its containing metallic veins in common with the 
limestone. It is interposed between the shale and the 
Goal^ and the places at which it crops out on the surface 
from beneath the latter, are known with great precision 
along a great length of country. This stratum has been 
profed to be 360 feet thick in several places; and is 
composed for the greater part of a very coarse-grained 
vhite, yellowish, or reddish freestone, which is easily 
worked considering the extreme hardness of its particles, 

m2 
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anti is of great durability. It has long furnished mill- 
stones of pretty good quality, of which formerly thete 
were several quarries, hut they are now chiefly quarried 
at Old Booth-edge in a. very loacceasible part of the 
county: hence this stratum has been termed the milU 
stone grit. It affords also fire-stone for the hearthj of 
irotj -furnaces, since it endures heat remarkably well. 
The upper beds are very thin ; these are used for pavin* 
stones, and sometimes are so thin as to be employed for 
the rooSng of houses. (F. S30 & aeq.) 

% 138. The out -going of the strata just deicribcd,fonn» 
iJie great Lead district of Derbyshire; Tcry numerouf 
•reins have been worked in it principally for lead, Vnt 
the ores of zinc, manganese, copperj^nd iron, also occur 
in them ; hut they are more plentiful and prodocliTs 
when ill the limestone, than when in the other stnt*. 
It has been supposed that lead ore has not been founi] 
in tlic toadstone, but nineteen inslauces of its di*- 
covery tn that situation, in strings and short biancKn, 
are mentioned. (F.950-) A vein, Komewhat approach- 
ing the perpendicular, i» in Derbyshire termed a rake 
tein. Rake Teiiis are from 9 or 3 to 30 or 40 feet wide. 
A large ravity, often nearly horizontal^ between bedi 
of limestone, and containing spars and ore, '\t termed a 
pipe vein. Veins (or rather beds) of this description are 
jomefimes of considerable height, and from 9 to 500 feet 
wide, and are commonly sonrecied with the surface by 
means of a rake vein ; when without this kind of con- 
nexion, the nearly horizontal deposite is termed a jW- 
ttork, which is rare. The direction of the veins coa» 
taining ore, appears to he nearly east and west, and thrir 
bade or ni^erlie beneath the Eurface, towards thei 
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or soiith ; but in this respect, it is sud that a vein will 
change two or three times from north to south : these 
Teins'are crossed by others whose direction on tiie sur« 
face is nearly north and south. The east and west veins 
in descending are always cut off by the strata of toad^ 
itone^ which therefore pass through and divide them*; 
and it is worthy of note, that when the vein is again 
foimd in the stratum of limestone beneatli the toadstone, 
it is not immediatelif on a line with the upper part, nor 
exactly of the same nature ; in this case a vein is said to 
bave squinted. The toadstone is said sometimes to as^ 
sume the consistence of clay. It has been before notic^ 
that the limestone strata contain thin beds of clay, termed 
by the miner way -boards ; these sometimes pass through 
aod divide the veins of ore in the same- manner as the 
toadstone does : and so complete is the separation of the 
Teins of ore by the clay and the toadstone, that not even 
the water in the upper part of the vein penetrates through 
them into the part beneath. The sides or walls of a 
rake vein are commonly lined by fluor, or cawk, or caU 
careous spar, termed by the miner vein- stuff; between j 
or against these, lies the ore, which sometimes fills up the 
space between them, and is then termed a rib ofore^ 
Bat it sometimes happens that the vein-stuff of each 
wall of the vein, is nearly compact, botii so completely 
occupying the vein, that they meet together in close 
contact in the middle; forming what may be termed 
from its appearance, a vertical crack down the vein. 
The two faces in contact, appear as though they had 
been polished, and are ribbed or somewhat fluted Kori« 
sontaily ; aud the face of each is sometimes covered by 
ft remarkably thin coating of lead ore ; these planes ^ 
when separated^ are the sUckensides of the mineralogist* 
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TbJB circnm stance is dfogf ther remiirkable in itself, bat 
an exlrjordiuary eflcct ensues when one side of the *eiii> 
iitufl' is remored. Tltc other kiile then cracks, especially 
if small hole<) be made In it, and fragments Uy off witfa 
loud explosions, and continue bo to do for some days; 
Bs is the case in the Gang mine in Cromford, where the 
miner, availing himeell of this circumstance, makes with 
his pick Email holes about six inches apart and foiu 
inches deep, in one surface, after the other is remored; 
aad the consequence is, tiiat oa his return in a few hours, 
be finds erery part so treated, ready broken to his band. 
fM. passim. F. 243, and seq.) 

I 130. Of those remarkable derangeroeDls !■ <|M 
strata of Derbyshire, termed faulU by the miner, •• 
hate no very clear geological account. The direction of 
jotne of them on the surface is d<^ailed in the 1st volaoie 
of Farey's General View of Derbyshire, &c, to which 1 
refer the reader : occasionally they appear to be Tery ei- 
teniire, and their conseqoences very extraordinary ; bat 
a knowledge of their width, dip, and contents is yet a 
geological desidi^ratutn. Some of them have intersected 
the veins of lead ore, and are said to hate introduced 
roaodcd quartz pebbles or gravel, alluvial cUy, and 
«ther extraneous mineral matters, into them. 

§ 140. We shall now assnme some eonsideratian of 
the Mountain limestone formation near BnaloL Th« 
hills whicb rise from beneath the red marie or new mi 
sandstone on the west »f Bristel, form a ran^e of con* 
siderable elevation, through which the Avon passes id Hf 
caunc to the Severii. This ran^e consists of a prodJgiou* 
■umber of stMtaor beds of very different DMures, llM 
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dip of which 18 about 45 degrees. The bed» tre chiefly 
limestones of sereral Tarieties; arenaceous, schistose, 
i^those, granolar, compact, and even of an oolitic tex* 
tare. Some of them contain broken shells, encrinites, 
anomis, and other organic remains. An assemblage of 
numerons strata, called the Black rock, from the colour 
of tho limestone, contains many fossils, as entrochi, 
anomiae^ the palates of fishes, corallines, encrinites, &c. 
ftnd in its cavities are found dog-tooth>spar, cubes of 
purple fluor, adcular crystals of sulphate of strootian, 
and of oxide of iron. It contains rounded concretions 
penetrated by petroleum, which sometimes exudes from 
the rock ; it is very hot to the taste, and is used by the 
masons for an external application, assisted by friction , 
to remove the rheumatism. Not many of these nume* 
roos beds of limestone are quarried ; amongst them is the 
Uack rock, which is used for paving stones. Many of 
them will not bum into good line. Calamine, accom* 
panied by heavy-spar and galena, is found in veins of 
calcareous spar crossing the limestone : it sometimea 
covers crystals of the calcareous spar, which frequently 
has been decomposed, leaving the calamine hollow and 
in the form of the crystal,* The calamine is sometimes 
wrought as an ore of zioc. Manganese is found in a 
vein of ironstone crossing the limestone. The strata al- 
temating with the limestones, are, beds of clay of various 
kinds, which sometimes are very thin, and schistose ; 
ethers contain nodules of coral, geodes of iron ore, shells 
and coral loids. Thin beds of ironstone and quartsoso 
sand are also found ; and a bed of coal about two inches 
thick. (G. T. vol. iv. p. 197.) The whole series of 

* The form of the same variety of calcareous spar has some* 
timet been found in quartz, whicb^ is iotemally lined by minute 
crystals of quartz. 
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these beds niay be considered as belongiog to the moiui* 
tarn limestone formation. It is no argument against this^ 
that a seam of coal is found among the strata ; since the 
same circumstance occurs in the vast assemblage of lime- 
stone and other beds, forming that part of the great 
northern coal-field (§ 105) termed the Lead measnreiy 
and which are considered as belonging to the same for- 
mation. 

§ 141. Mountain limestone ranges round Bristol ia 
almost every direction, forming an irregular kind of basin, 
of which the northernmost points are the hilU about 
Thombury. On the east it is well obserTed In a con- 
tinuous range at Wickwar and Sodbury ; and in a veiy 
bold manner at Week, about half way on the upper road 
to Bath from Bristol. It is wanting on the south-east. 
This limestone forms a sort of ellipse, and the dip of the 
strata seems pretty generally to be towards the middle 
of it. On the north of the ellipse the dip Is towards the 
south ; on the east, towards the west, and on the sonth 
towards the north. This elliptical basin contains coal. 
(P. M. Oct. 1814.) The range of mountain limestone 
reposes on the old red sandstone, which Tisibly passes 
beneath it. (§ 151, and PI. 2. fig. 3.) 

§ 142. It might seem consistent in this place to insert 
some account of the great mountain limestone formation 
of the northernmost parts of England, underlying, and 
eten forming a part of the great coal-field surrounding 
Newcastle ; but I ha?e been induced to consider this 
part of the formation in another place — namely, under 
the head Coal^ to which I have given a separate head, 
without considering it as subordinate to the red marie 
or new red sandstone ; in or beneath whicb^ its geologkal 
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position is known to he. The Independent Coal forma- 
tion has peculiar characters, inasmuch as the beds of som^ 
of the substances with which the beds of coal are con- 
nected, oentain only organic remains belonging to jyesh" 
water I and the chief reason for noticing the limestone 
formation cropping out from under the Newcastle C09I 
formation on the west of it, under the head Coal, is that 
as some p^ts of it yield coal in abundance ; so that th* 
noticing of both formations together, will, as it appears 
to me, greatly facilitate the comprehension of the whold* 
CMl-field. 

f 149* In the 4th Tolume.of the Geological Trans^ 
acUons, there is a communication by Geo. Cumberlandi, 
Esq* on the Strata at Whorlbury Camp, a Roman station^ 
ftt the western termination of the Mendip hills, and oa 
tiM borders of the Severn sea. The chief object of this 
piqper is the description of a fossil resembling a cane or 
jcgnted luimboo, which is found in a schistose sandstone^ 
lulling its laroinsB diTided by beds of ochreous marl«. 
Ib these beds the cane fossil is found ; some traces of it 
are also obserrable in some thin beds of limestone lying 
above the marie and sandstone, and separated from them 
by beds of limestone without organic remains. The cane 
fossil is rarely obtained more than five inches long, is 
geiiemlly curved, but sometimes is straight, and of all 
degrees of thickness, from a quarter of an inch to five 
inches. The ends of the joints are occasionally covered 
with a thin coat of quartz* Many have their joints filled 
with hard sandstone, but the centers of the greater part 
of them are filled with hard white quartz ; and where 
there are cavities, whf^h rarely happens, they sometimes 
contain crystals of calcareous spar. The strata in which 
this fossil is found, dip at an angle of about 47 degrees. 
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' § 144. The characters of this rock are thus described 
It alternates from fine to coarse-grained granular, which 
latter often inclines to conglomerate; yet in general its 
grains exceed in magnitude those of the newer sandstone 
formationa. The grains are usually quartz and flinty- 
iilatc. Its cement is iron-shot clay, which giTes to the 
whole a reddish colour. Although the principal cha- 
racier of this sandstone ^ is the coarseness of its grmnt 
mid its reddish colour^ yet it sometimes occurt fine- 
grained, and of a greyish colour. (J. 15d.) 

' ^ 145. Assuming these to be the true characten of 
this rock, it seems yerj uncertain to what extent it 
occurs in England. Its locality, according to the Wer- 
nerian system, is next to the transition rocks ; it ti 
esteemed to be the oldest of the flcetz rocks. A sand- 
stone occurs in many parts of IBngland and in Wales, 
resting upon and connected with greywack6, one of the 
transition rocks, which in some respects at least has the 
characters of the old red sandstone ; it is large«grained, ' 
and its locality is the same as that of the old red sand^ 
stone of the Hartz, which rests on greywacke and grey- 
wacke slate. (J. 158.) If it be judged that the old red 
sandstone occurs in England and Wales, it will I think 
appear, by the following summary account of what ii 
at present known of its characters, that greater reliance 
is ' to be placed on the position of this sandstone for 
determining its name, than on its perfect agreement in 
respect of nature and composition, with the old led 
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sandstoae of Werner, It must howerer be remarked, 
that the rocks of some parts of Eugland which are said 
to belong to this sandstone, have not been fully de- 
cribed ; and also that there is much reason for beliering 
that iQ certain places, particularly in Somersetshire and 
DeTODshire, there is so close an alliance between tbhf 
rock and the newer red sandstone or red marie, that it 
will be found extremely difficult to trace the boundary 
of each^ or even to distinguish the one from the other. 

§ 146. The western termination of the chalk deposite 
is found near Honiton in Devonshire. On the west of 
the chalk, is a red sandstone having an argillo -ferrugi- 
nous cement ; near Honiton it is in the state of a coarse- 
grained gravel almost entirely disintegrated. It contains 
ronnded pebbles, whiph are two or three inches in 
diameter : it then approaches to a conglomerate pudding- 
stone, but near Exeter it assumes the character of an 
arenaceous sandstone, and becomes more compact and 
uniform in its texture and composition. This con^ 
glomerate is in nearly horizontal strata, which probably 
extend eastward below the chalk, while in other direc- 
tions they lie upon greywacke ; as for instance, on a hill 
consisting of that rock, north of Exeter, and overlook- 
ing the town (§ 164), and at other places north and 
north-east of Exeter, On the south and south-west of 
that place, these sandstones and conglomerates form the 
surface of the country for several miles towards Ivy 
bridge, near which also is found slaty and compact 
greywacke. (G. T. vol. i. p. 98 & seq.) It is however 
clear that the cliffs at Budleigh Salterton near Teign- 
mouth in Devonshire, which are of Considerable height, 
and those also of Teigumoutii itself, .though consisting. 
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m part of conglomerate, belong \o the red maiie or 
newer red sandstone, since they contain gypsam, whkk 
forms a principal characteristic of that rock. (§ 83.) 

§ 147. The nature of the conglomerate refened lo 
the old red sandstone formation around Exeter, it best 
aeen by the openings or quarries in its neighbourhood. 
That of Heavitree is situated about a mile and a half 
from Exeter on the road to Honiton. It is worked to 
the extent of a quarter of a mile in length, and to the 
depth of about 100 feet, in a plane intersecting that of 
the strata. The rock of this quarry, is a coDglomeiale 
OTidently stratified : the strata are from six to eight feet 
in thickness, and dip south-east at an angle of aboat H 
degrees. As long as this rock preserTCs the character «f 
conglomerate, it is compact and tenacious ; and, acconU 
iug to the workmen employed in the quarry,, it hardm 
more and more by exposure to the air. But aa sooo as 
the nature of the stratum changes io an arenaceons nad- 
stone, it is tender and friable. It is very conamoa lo see 
blocks of it in this last state, and sometimes of a greit 
aize, included in the middle of the conglomerate. The 
cement of this rock is argillo-ferruginous; and by itself 
does not effervesce with acids, as it is easy to profe bf 
making use of pieces pf the pure sandstone for that pur- 
pose ; but it produces so brisk an efferTescence from the 
intimate mixture of calcareous particles, that it va^ 
be yery easily mistaken for limestone. The subatancei 
"which enter into the composition of this conglometite 
are numerous ; and it may first be remarked, that these 
pieces are of very different sizes and forms, sometinei 
rolled and rouuded, sometimes pointed with shaff 
angles, from Tcry minute grains to the sixe of leveiai 
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inches ia diameter. There are found in it rliomboidal 
crystals of calcareous spar and crystals of feUpar, most 
frequently of an opakc wliite, and decomposed ; pieces 
of flint ;* greywBfke; yellowisli limestone; rolled masses 
of a species of porphyry somewhat resembling the an- 
tique, the base of which is a reddish brown colour, not 
efierrescing with acids, and containing numernus, small, 
and well derincd crystals of felspar imbedded in it; 
pieces of a rock -which is itself compounded, having the 
appearance of a porphyry, the base earthy and including 
small grains of quartz, crystals of felspar, and pieces of 
bluish carhoiiale of lime; and a whitish tender steatite 
iu small angular fragments. 

At Upton Pyn^ a village five miles north of Eseter, 
the same conglomerate as that found at Heatitrec, occurs 
beneatli a red argillaceous sandstone several feet ia 
thickness. The conglomerate lies on felspar iu mass, 
containing a few laminte of calcareous spar and some 
crystals of quartK ; forming the roof of a mine of black 
oxide of manganese which Is worked to open day. Tho 
red argillaceous sandstone occupies the surface of the 
country from Upton Pyne to Thorverton, where there 
are several quarries, all of which are described as being 
ia a ealcareoui amygdaloid, varying in nature consider' 
ably in diflerent places. In some parts, the nodules are 
small, and very closely united in clusters in the base, 
forming nearly a homogeneous masE, with here and 

• It ihc word flint be here med in ils common accpptation; 
in othet: words, if the flint found in this conglomerate belong ta 
(be challc, it will almost amount tii a proof that [he rock >ur- 
tounding Eieler hat received a name which doet not belong to it. 
Bed ttip.1 ii aught to be coiuidcrcd u of a newer formatioa ihtu) 
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there nodules of a much larger size than the rest, im- 
bedded in it. In other places the nodules are about the 
bigness of a pea, ail of the same size, and consist of 
rhomboidal sparry lamina?. There are other places 
where the base of the amygdaloid has the appearance of 
a sandstone, in which a small number of calcareous 
nodules are imbedded, which are externally coloured 
green by the steatite, aud exactly resemble those enter- 
ing into, the composition of some of the amygdaloids of 
Derbyshire, and of the Pentland hills near Edinbui^b.^ 
(G. T. Tol. i. p, 99 & seq.) 

§ 148. The stratification .of these rocks has been 
described as being parallel, and of easj inclination east- 
ward in the places before noted. It is howeTer said 
that the red rock so prevalent about Exeter assunoes a 
great variety of character between that place and Cd- 
lumpton. In some parts, it is like a stratified graTel; 
in others, like a compact sand ; sometimes the seams are 
parallel and horizontal, sometimes inclined and coned 
in various ways ; all within a small compass. Sometimes 
it becomes spongy in its texture, and contains cavities 
filled with a brown pulverulent powder; sometimes it 
resembles crumbled schist, or approaches the character 
of red marie, mixed however with bluish green spots* 

♦ The whole of this conglomerate, which is on the very verge 
of the primitive tract of Cornwall, reminded Dr. Bcrger of that 
which he observ^ed in other borders of prinfitive countries n^ 
the source of the Rhine, in Switzerland, and on the skirts of the 
Qiountains of St. Gothard, where puddingstone forms inouDtaini 
©f considerable elevation. (G. T. vo!. i. p. 106.) He likewise men- 
tions the occurrence of similar rocks on the border* of other 
nrlmitive tracts. 
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(K. 111.) It may be noticed, that the characters of 
some parts of the rock of this country, agree remarkably 
■with those of the red rock which have by common con- 
sent been referred to the newer formation termed the 
red marie or new red sandstone. There is one decided 
characteristic of this latter 1-ock, which is that it contains 
gypsum, which has been noticed only in cSie or two places 
in the red rock of Devonshire, namely, in the cliffs near 
Teignmouth. (§83.) 

§ 149. From what has preceded, we may observe 
that the rock around Exeter has at least two distinct 
characters, namely, that of a red argillaceous sand- 
ftone, and of a conglomerate or puddingstone. The 
amygdaloid (as it is described to be) occurring in the 
qaarries of Thorverton, is to be considered, as it may be 
presumed, only one of those various appearances to be 
expected in a conglomerate. There is nothing in the 
foregoing pages inducing the supposition that the red 
argillaceous sandstone and the conglomerate are of dif- 
ferent formation. The observations which have been made 
on somewhat similar rocks, so plentiful in the south- 
-western parts of Soniersetshire, would rather induce the 
belief of their being only varieties of the same rock, of 
which the conglomerate generally forms the lowest bed. 

§ 1 50. But if the strata surrounding Exeter are cor- 
rectly designated as belonging to the old red sandstone, 
there seems equal reason for referring the conglomerate 
fo abundantly found in the south-western parts of 
Somersetshire, to the same formation, since in many 
places it is composed of fragments of older rocks. It 
appears to consist chiefly of the ruin of the stratum on 
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which it lies, namely, the grejwacke of that < 
and of the limestones which it enclos 
stratilied with it. The red ludrle or marly ttaiidBlone, 
connected with the conglomerate of Somersetshire, bdw- 
ever, is referable, from its containing gypsum, (o the 
newer sandstoae fonnalion, which is commonly temed 
the red marie.' I forbear, liierefore, te. separate them- 
(j 8J.) 

§ 151. The old red sandstone is however asserted W 
be the fundamental rock, of the mountain limestone fof' 
mation near Bristol. (G. T. vol. iv. p. 210.) This it 19 
gaid is clearlj displayed by the section which some grand 
convulsion of nature has made of the roiilfs below ftiitol. 
By following the path on the left aide of the Avon, it 
will he found that the first rock that comes in view Bfter 
passing the feny at Kownham, is an indurated sand- 
stone, which is connected with the limestone formation. 
Limestone then commences, and continues uninter* 
rupfedly for about two miles. Opposite Cock's folly i( 
terminates, and then succeeds a puddingstone, or conglo- 
merate, the matrix of which is a greyish while siod- 
stone, cementing rounded pebbles of quartz. In so«m 
of the beds, the gravel is so abundant that the iDatrii is 
hardly to be perceived ; and in other strata, it is so thiatjt 
distributed, that the rock better deserves the name of a 
sandstone than a puddingstone. From the riier sidr, 
the latter cao be traced crossing the road a tittle belu# 
Leigh. It is then for some dislaace lost, on accounlof 
the culUvaled slate of Ihe country ; but in the liillt nair 
Pile and St. George's, it is very distinctly seen, and e»a 
be followed beyond Portbury. In this route the puA- 
ding»ton« is always seen Uipping under I 
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agreeably to its inclination. (PI. 2, ffg. 3.) But to return 
to the river's side. Beyond the puddingstone, which 
continues for about 200 yards, we aVrive at a red sand- 
stone of a fine friable texture and containing spangles of 
xnica. We can follow this rock north-westward from 
the rirer, and always see it sinking under the pudding- 
stone. It is exposed in many places between licigh and 
Portbury, and it is remarked that this rock lies und^r- 
pcath the limestone at Mendip hills in the path loading 
from Langford to Shipham. Near Ross in Herefordshire 
the same series occurs. (P. M. Oct. 1814. p. 243.) 

§ 1 52. It is yet very uncertain to what extent the 
old red sandstone prevails north of Bristol ; but it is 
known that a rock is found in many places as high north 
as Liverpool, having many of its characteristics. In the 
** order of superposition," &c. at the end of this volume, 
it IS quoted as occurring near Monmouth, but I ))elieve 
that no detail of its connection with the neighbouriug 
rocks, or of its extent, have yet been published. 

In Shropshire also is found a rock which is considered 
to belong to this formation, though its characters in 
some parts of it, are of a doubtful kind. It consists for 
the most part of rather fine grains of quartz, with a few 
spangles of mica, cemented by clay and oxide of iron. 
Its colour is generally brownish red, and it has but 
little cohesion ; on which account large tracts of loose 
deep sand are found in many parts of it. Sometimes it 
occurs nearly of a cream colour, and is then sufficiently 
hard to form an excellent building stone : it does not 
effervesce with acids, and no shells or other organic 
remains have been found in it. In some places, the 
Loose sand ou its surface contains rolled stones of quartz^ 
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granite, and porphyry, nbich also are dispersed over ill 
Mrface, though they are rarely if ever obserred at luijr 
considerable depth in the solid rock. There are do 
taudstone hills ia Shropshire which ri»> higher than 400 
feet. In the southern extremity of that coanty, it resU 
on elevated strata of greywacke, lu general however it 
does not attain elevations which cau be characteriieil 
better than by the term gentle hills, {G. T. vol. i. p, 1 BJ.) 
It is now I believe generally agreed, that the rock salt 
formation of Cheshire, belongs, or is subordinate, to (h( 
red marie, or new red sandstone. (§ 77.) 

§ 153. Between Aberga'netin^ and Brecon, particu- 
larly as you approat^h Brecon, the sandstone beconei 
more slaty ana micaceous. In the same neighbourhood 
we meet with an irregular breccia consisting of niafMi 
of limestone aud^andstonei (K. 100.) 

§ 154. The old red sandsloiie, ' in its common form 
of a coarse puddingstoue,' is interposed betiveen Ik 
limestone formation termed the Lead raeasuses (\ 1 16.). 
and greywacke slate, ou the western escarpment of tlw 
mountain range, which may be considered as the soulll* 
western limit of the Great Coal field surrounding Nofl- 
castle (PliS, lig. 4.) and may be traced for several milni 
(G. T. vol. iv. p. 1U6.) Still further north it is foopd on 
the eastern base of the Cheviot hilU, in the north>w»t 
part of Norlhumberland, which are esteemed to be of 
primary formatioji ; it there approaches to a conglo- 
merate (G. T. vol. iv. p. 94.) and is interposed betwefn 
the primitive rocks of the range and the coal formalioo. 
(PI. 2, fig. 4.) 
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^155. The 6reywack6 formation Is of considerable 
extent in the west of England ; it is also found in the 
north) and eren the great mountain district of Cumber- 
-Jand and Westmoreland is belieyed in some degree to be 
composed of it; but of that tract no accurate details 
hxfe yet been published ; nor am I aware that it has yet 
been examined with that accuracy which is essential to 
the proper comprehension of its geological structure. In 
WaleS) greywacke is an abundant rock. 

^ 156m In the whole series of mountain rocks^ there 
is not one of which the nature and structure is less gene* 
rally understood than greywack^. Stones of such oppo- 
-site character and appearance have receiTed so often 
this designation, that it is at length become almost a 
bye-word: — ^if the character of rock be not Tery in- 
telli^ble, it is not uncommon to inquire, with a smile, 
if it be greywack^. Its characters are thus described by 
Jameson : — It is a kind of sandstone, but very different 
from any of those that occur in the floetz period. It is 
composed of grains of sand, which are of various sizes, 
-and sometimes eyen approach in magnitude to rolled 
masses. These are connected together by a basis of 
clay-slate, and hence this rock derives its grey colour 
and solidity. These fragments are sometimes quartz, 
■sometimes a kind of indurated clay-slate, and sometimes 
flinty-slate. (J. p. 150.) Brochantsays that Greywack6 
is a sandstone (gr^s) composed of grains of quartz, 
flinty slate^ and clay-slate, agglutinated by an argilla- 
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ceous cement of the nature of claj-slate. The gruos 
are sometimes seal I, and eTcn rery small ; sometimes 
of the size of a nut. ( B. toI. ii. p. 588). It is therefore 
clear, that one es<:ential character of this rock is, that it 
is a sandstone ; that it must be expected to Tary greatly 
in appearance is obrious from the foregoing descriptions; 
bot if we strictly attend to these, we shall nin the less 
hazard of confounding other rocks with those belonging 
to this formation, difficult of distinction though thej 
often be. Greywacke is commonly solid, if not com- 
pact ; and it is interstratified with slates, which therefore 
are termed greywacke slates; but the characters of these 
often approach those of clay-slate, possessing eren its 
&i)ky lustre, so that it is frequently impossible to decide 
by a hand-specimen to which it belongs. This circom- 
stance clearly shews, that though a knowledge of mine- 
ralogy is in most cases essential to the proper knowledge 
of rocks, especially of the primitive and transition clas- 
ses, it is not always competent to decide the class to 
which they belong. The most patient investigatioD in 
the great field of nature, among rocks decidedly in their 
natural position, is sometimes alone capable of this* 

§ 157. In the 3d volume of the Transactions of the 
Geological Society there is a very interesting memoir, 
by Leonard Horner, Esq. on the geology of the south* 
western parts of Somersetshire ; from which the princi^ 
pal part of the following pages, relative to the greywacke 
of that county and of Devonshire, is extracted. In 
Devonshire, greywacke is termed Dunstone and ShiUai* 

The Quantock hills, Grabbist hill, Croydon bill, 
Brendon hill,* and some others on the west of them ia 

« The highest point of the Quantock hills i« 1S70 feet aboie the 
Ma : Grabbist hill is 906 feet high. 
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Somersetshire, appear to consist chiefly of greywacke, 
which in some places is interstratificd with limestone. 
A great bed of limestone is said to traverse the Quautock 
hills (Annals jy^c. 1817). But some of the Tallies and 
l<»w grounds, and even the rock forming the coast of 
the comity, consists in some places, not of greywacke, 
but either of the lias limestone (§ 73), or the red marlc. 
(§ iB2. The mountainous part of the county, however, 
has a smooth, undulating, and rounded outline, no where 
rugged, or presenting any cliffs or precipitous faces, 
except on the sea-shore, where sections have been 
formed probably by the action of the tides. The whole 
country is so covered by vegetation, either in the form 
of heath and turf on the high land, or of the more luxu- 
riant productions of the vallies, that .very few opportu- 
nities occur in the interior, of ascertaining the nature 
dT the rock on which the soil rests ; but the cliffs on the 
iea"8hore afford such an ample field for studying the 
mineralogical character of the country, that the scattered 
observations in quarries, may be more strongly relied on 
aod more easily connected. (G. T. vol. iii. p. 340.) 

§ 158* The mountainous part of the north-western 
district of Somersetshire, is formed of a series of rocks 
differing very materially in mineralogical characters, 
but which the repeated altemations of the several varie- 
ties, and the insensible gradations that may frequently 
be traced of one into another, connect into one com- 
mon formation. A great proportion of these have the 
structure of sandstones, the component parts varying 
in size from that of mustard-seed to such a degree of 
fineness, that the particles can with difficulty be dis- 
cerned. Quartz and clay jure the essential component 
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parts of all the varieties, but in different proportions. 
The quartz in some instances prevails to the entire ex- 
, elusion of any other ingredient^ forming a granulir 
quartz rock : it is more abundant in the aggregates of a 
coarse grain ; clay being the chief ingredieut in those of 
a close and fissile texture. They have all an intenial 
stratified structure ; which is less apparant in those of a 
coarse grain (and iaa cabinet specimen scarcely disceni- 
ible), but which becomes gradually more distinct as the 
texture becomes finer ; and at last the rock graduatei 
into a fine-grained slate, divisible into laminae as thia 
as paper, and having the smooth silky feel and shioug 
surface of the clay slate of a primary country. Alter- 
nations of the fine-grained slaty varieties with those of 
the coarsest structure in many successive strata, and 
without any regularity of position, are of constant oc- 
currence, and frequently without any gradations fron 
one structure into the other. In some instances por- 
tions of slat§ are contained in the coarse grained varie- 
ties. Scales of mica are frequent, and they all coDtain 
oxide of iron in greater or less proportion^ and to the 
different states of this oxide their various- colours are, 
no doubt, to be ascribed. The prevailing colours an 
reddish brown and greenish grey, and there are many 
intermediate mixtures of these colours. Some of the 
slaty varieties are of a purplish hue, and this is occasio- 
nally spotted with green. Of the specimens I collected, 
those of a coarse grain and of a dark reddish brown co- 
lour, do not effervesce with acids ; those of a pale red- 
dish brown colour, and of a greenish grey colour, all 
effervesce, and some of them briskly. None of the 
varieties of slate shew any signs of eflfervescence. Tbe 
magnet was not affected by any one of the series* ho 
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trace of any organic body was discoyered in either ya- 
riety, but in many places great beds of limestone full of 
madrepores, are contained tn the slate ; tlie limestone 
and slate towards the exteinal part of the bods being 
inters tratified. Veins of quartz which are often of great 
magnitude, are of constant occurrence, being sometimes 
accompanied by calcareous spar and ferriferous carbo- 
nate of lime ; veins of sulphate of barytes are not un- 
common. Thin layers, composed of quartz, chlorite, 
and ferriferous carbonate of lime, are often interposed 
between the strata of slate, and pyrites is sometimes 
disseminated through the mass of the rock. Copper, 
in the state of sulphuret and of malachite, and yeins of 
hematite, are frequently found, and nests of copper ore 
of considerable magnitude, have been found in the sub- 
ordinate beds of limestone. (G. T. toI. iii. p. 342.) 

. 5 159. Near the surface, the strata of greywacke 
ane traversed by cracks, which make the rock, as soon as 
it is removed from its bed, break down into polygonal 
fragments of various dimensions. And in some places, 
especially where the slaty varieties prevail, the ends of 
the inclined strata as they rise to the surface, be- 
come either vertical, or are very much twisted. These 
twistings are not curved, but angular, with a fracture at 
every angle, and are concluded to have taken place 
after the induration of the rock. The most remarkable 
instances of these angular contortions are to be noticed 
in the lanes between the villages of Exmore and West 
Monckton, and the other roads which cross the south- 
eastern ridges of the Quantock hills. In the neighbour- 
hood of Adsborough, and in the lane leading to Tarr 
near Kingston, the ends of the strata of slate arc co^ 
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Tered by horizontal beds of red argillaceous sandstone 
and of conglomerate. (G. T. vol. iii. p, 346). 

A small quantity of copper ore was taken some yean 
ago from one of the branches of the Grabbist hill ; and 
also at Perry near the northern extremity of the Qoaii* 
tock hills. It may be questioned whether this circmn* 
stance is not demonstratiye of some analogy between 
the greywack6 of this County, and the metalliferoitt 
clay-slate of Cornwall. (G. T. toI. iii. p. 849.) 

§ 160. North hill, which extends along the shore 
westward from Minehead to Porlock, forming a very bold 
and precipitous coast, affords the best opportunity of 
studying the greywacke formation. At Greenaley point} 
about a mile west of Minehead, there are rery lofty sec- 
tions, where the alternations of the different varieties 
may be distinguished, and where there are also veiy 
good examples of those curvatures, which, in this forma* 
tion, are of such frequent occurrence. Strata that nm 
for some distance in a horizontal line suddenly turn ap 
into a vertical position, at other times they assume the 
form of an aiich or a succession of great curves. 

It is hardly necessary to say that these rocks could not 
have been deposited in the forms they now exhibit, and 
it is pretty evident that the flexures must have taken 
place while the rock was in a plastic state ; for there is 
no fracture at the bondings, nor any interruption to the 
continuity of the mass. Similar curvatures are to be seen 
at Hurstone point, the western extremity of North hill. 
These appearances are so well known that drawings of 
them are unnecessary : they are very analogous to those 
observed by Mr. Con3'foealre in the same rocks on this 
coast, some miles westward, and represented in the 33rd 
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and 34tb Plates of the 2nd Tolume of the Geological 
Society's Transactions. <G. T. yoI. iii. p. 345.) 

§ 161. The limestone connected with the greywackc of 
Somersetshire and Devonshiie^ appears in soTcral places 
in the form of beds or masses, interstratified with the 
grejwacke. There are numerous quarries along the 
eastern side of the Quantock hills in Sopiersetshire, in 
which the beds or strata of limestone are enclosed in 
slaty greywack^. As flattened spheroidal masses of si- 
milar limestone are frequently found completely cn- 
reloped in the slate (G. T. yoI. iii. p. 350), this circum- 
stance seems to point out that the limestone is not always 
in regular strata, conformable with those of the grey- 
wacke slate above and below them. At Allercot, about 
four miles south of Minehead, the principal bed of lime- 
stone is 30 feet thick, and is of a bluish grey colour ya- 
riegated with red, of a cr}'stalline structure, and full of 
small laminae of calcareous spar disseminated in detached 
spots through the mass, which are conjectured to be the 
remains of organized bodies. In the extensiye quarries 
on the eastern side of the Quantock hills, many parts of 
the bed of limestone arc almost entirely composed of 
madrepores, particularly towards the exterior. Circular 
bodies composed of crystalline plates of calcareous spar 
are also enclosed in this limestone, but no shell has been 
discovered in it. (G. T. vol. iii. p. 351.) These ap- 
pearances sufficiently prove that this limestone is not of 
primitive formation. 

§ 162. The limestone occasionally contains copper, 
a lai^e quantity of which was found in it some years ago 
at Doddington near Nether Stoweyy in a black slaty 
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limestone. It consisted chiefly of the green carbonate 
and of yellow copper ore. In it also are found caverns, 
50 frequent in limestone, varying in width from half a 
foot to five feet, and of a depth varying with the depth 
6f the bed : large stalactites of carbonate of lime haog 
from the roofs of some of these cai^rns, and their for* 
mation is still going on. (G. T. vol. iii. p. 352.) 

§ 163. Near Ilfracombe in Devonshire^ beds of lime- 
sione also occur in greywacke-slate, having decided in- 
dications of enclosing organic remains. The grejrsFacke- 
slate, in a cabinet specimen, is not distinguishable from 
the clay-slate of primitive countries ; but as the beds of 
limestone which it encloses contain organic remains, it 
clearly shows that the slate, as well as the limestone, is 
a secondary rock. (G. T. vol. iii. p. 355.) 

§ 164. Thorverton quarry is seven or eight milei 
north of Exeter in Devonshire. In going to it by 
Cowlcy-bridge, on the summit of a hill which overlooks 
Exoter, and is almost close to the town, the grcywacke 
is met with in situ. It is of a greyish colour, with jery 
distinct and separate grains, breaking spontaneously into 
rhomboidal fragments ; it is harder in some places than 
in others ; when tender it splits in the manner of slate, 
and assumes quite the character of that species of rock. 
It occurs in strata dipping north-west at an angle of 
about 70 degrees. The same greywacke formation is 
met with north-north-east of Kxcter on the road to 
Bickloigh, Silvcrton, Row and Cross-hill ; at Cross-hill 
the direction and incliiialion of the strata are very dis- 
tinctly seen. From Cowley-bridgc the grcywacke ex- 
tends as far as the neighbourhood of Upton Pync ] bat 
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in this district it can only be distinctly seen on the sum- 
mits of the hills; it is lost (as iu Somersetshire) in the 
bottoms of the vallies, which consist of red argillaceous 
sandstone. This is particularly the case at Upton Pyne, 
a Tillage five miles north of Exeter on the right bank of 
the Ex. At this place there is a mine of black oxide 
of manganese worked in open day, which affords good 
opportunity for observing the strata, and the nature of 
the rock* The red argillaceous sandstone, where the 
mine is excavated, forms a stratum several feet in thick-' 
n6s« from the surface; below this is a conglomerate 
puddingstone, the same that is found in the parish of 
Hearitree ( § 147), but quite disintegrated ; then a 
reddish compact felspar in mass, containing a few la- 
mine of calcareous spar, and some crystals of quartz. 
This last rock forms the roof of the mine. Several va- 
rieties of the black oxide of manganese have been met 
irith^ together with ferruginous carbonate of lime. The 
red argillaceous sandstone forms the surface of the coun- 
try from Upper Pyne to Thorverton, where there are' 
WTeral quarries, all in the same rock ; viz. a calcareous 
amygdaloid (§ 147), the nature of which, howeicr, varies 
considerably in different places. (G. T. vol. i. p. 101.) 

i 

The. limits of the greywacke of Devonshire have not 
been ascertained. It is believed io rest upon clay slate 
on the west ; but its connexion with that rock is so in- 
timate, as to render it diiHcult to determine their actual' 
junction. A rock, which is by some geologists esteemed 
to be the old red sandstone, also occurs in Devonshire 
(^ 146), but the places of its connexion with the grey- 
wacke formation, do not appear to have been accurately 
ascertained, 

o 2 
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§ 165. Iq Cornwall^ rocks belonging to the grey- 
wacke formation are to be found ; but their extent in 
that county is not known. If however we were to place 
implicit confidence in the report of Dr. Berger (G. T. 
Tol. i.}, we should admit that the granite range of (hit 
country is flanked both on the north and south by grej- 
wack6 (§ 184.) The rock of these tracts is howerer 
generally considered chiefly to belong to the clay-slate 
formation ; though certainly not without exception. 

A specimen of rock which prevails all around Probns, 
and especially between it and Grampound, has lately 
been presented to me by Dr. Paris. It appears generally 
to possess the decided characters of grey wacke slate ; 
but with it is associated a slate, on, and in the cre- 
vices of which, so great a proportion of mica Is prefix 
lent, that it might of itself be classed as a mica^slate. 
Grey wack^ is also known to exist in the western part of 
the county, south of the granite range ; and there if rea- 
son for believing that it prevails on the northern coist, 
in continuation of the greywsicke of Devonshire, since 
the contortions which may be said to be characteristic of 
this rock are visible as far as Padstow^ and I htlUsit 
beyond it on the west. 

§ 166. Greywack^-slate is the rock on vfhich rests 
the mountain limestone formation of NcHhumberland 
(Plate 2, fig. 4,) and is there also, as well as in the woit 
of England, in connexion with the old red sandstone, 
which is interposed between the limestone and the slate 
(§ 121) ; which on its western side abuts against green- 
stone (primitive trap), (Plate 2, fig. 4.) Still further 
north, greywack6 appears on the south-western side of 
the primitive range called the Cheviot hills, and is fine- 
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grained in structure; but the slates there quarried do 
not stand the action of the air. ( G. T. voL iv. p. 94. ) 

§ 167. In the greywacke-slate of Shrcpshire^ and 
chiefij on the western side of one of the highest hills 
called the Stiper-stones, the principal lead mines of 
Shropshire occur. In that called Snailbach, that rare 
miperal the , carbonate of barytes, is found in irregulai* 
masses weighing from 40 lbs. to 2 or 3 cwt., imbedded 
in sulphate of barytes. (G, T. vol, iv. p. 440.) 

§ 168. In Wales J the greywacke formation is said to 
occupy a large tract, and near its eastern borders is in 
some places associated with the old red sandstone ; but 
the extent of this rock has not been ascertained. Within 
its range there are several mountains 1000 feet high. 
The Cradle mountains, situated in the same district, and 
on the south-east of Brecon, are 2545 feet above the 
level of the sea. A slaty rock is described as occurring 
on Snowdon, which encloses impriessions of shc-lls, (G. T. 
vol. iv. p. 425.) A specimen from near the summit of 
that mountain, in which the cast of a shell is very visible^ 
and which is in the possession of Captain Colby, appears 
decidedly to belong to the greywacke formation ; and it 
is of a schistose structure. 
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TRANSITION LIMESTONE. 

§ 169. Transition Limestone may be sud not to be 
very plentiful in England* In two or three instances it 
has been obsenred forming masses, but the nature of 
their connexion with other rocks has not been dis- 
covered ; in other places it has been found forming beds, 
most of which are of no considerable magnitude, and 
wliich are included in those rocks that have been re- 
ferred by the consent of several observers to the grey- 
wack6 foimation. This geological position suffices at 
once to refer the limestone so imbedded, to the class of 
transition rocks, and to determine that it is subordinate 
to the greywacke formation. Another character of 
these beds is, that the organic remains they enclose con- 
sbt chiefly of madrepores, which are esteemed to have 
b«en one of the first links in the great chain of animated 
being. Limestone bearing this character occurs in beds 
enclosed in the greywacke of the Quantock hills in So- 
mersetshire (^ 161), and in greywacke on the northern 
coast of Devonshire. (§ 163.) 

% 170. A rock, which may be supposed to belong to 
this formation, is found a short distance on the north- 
west of BridgeWater in" Somersetshire, It occurs in the 
form of an insulated hill, rising 232 feet above the lerei 
of the surrounding plain, which is of the red marie. Thii 
hill is called Cannington park. It consists of a highly 
crystalline limestone of a pearl grey colour, having a 
very close grain, and when struck, giving a linging sound 
like that of glass. No organic remains have yet heea 
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discovered iii it, but it contains some reins of calcareous 
spar ; and also yeins of red sulphate of barytes, enclosipg 
c6pper pyrites and green oxide of copper. It yields a 
very pure white lime. (G. T. vol. iii. p. 365.) 

§ 171. It is generally agreed that the limestone 
forming the left bank of the Plym, near Plymouth in 
Devonshire^ is transition. Some of it near Plymoutli 
has been found to contain shells. (G. T. toI. It. p. 410.) 
Still further in the west of England, thin beds of lime- 
itone are found alternating with killas in Very an in 
Cornwall^ and in the neighbouring parishes. It is of a 
blue colour, and contains yeins of a calcareous spar. If 
the kUlas should on examination hereafter prove to be a 
clay-slate, the limestone it encloses will doubtless be 
considered as primitive ; but if it should belong to the 
grejwack^ formation, the limestone will be esteemed to 
belong to the class of transition rocks. 

§ 172. Transition limestone has been described as 
occuring in the form of a thin bed or two of a blackish 
colour, lying in the greywacke slate forming the fun« 
damental rock of the limestone formation of the north of 
£ngland, and which constitutes the older part of the 
great coal-field of Northumberland oni Durham (§ 1^6.) 



SIENITE. 

§ J 73. Sienite, and that variety of primitiTe trap 
vhich is termed greenstone, both consist of felspar and 
hornblende ; and the chief difference between them 
seems to be that the felspar of sienite is red or reddish, 
while that of greenstone is whitish or greenish. This 
rock is very sparingly found in England. It. has been 
noticed near Mount Sorrel in Leicestershire, and in the 
Malvern hills, at both of>^]uch places it is associated 
with granite ; in the latter of them, it is frequently so 
considerably decomposed, as almost to haye lost its 
peculiar characters. 

At Mount Sorrel, and at Grooby at the southern end 
of Charnwood forest in Leicestershire, slates of various 
kinds appear, and are described as being closely cod- 
Dfected with the sienite without any order of super- 
position, but apparently placed side by side. At Mount 
Sorrel, granite is Said to accompany these rocks ; which, 
I believr, have not yet been adequately examined; the 
whole group merits the attention of the acute mineralo- 
gist, even at the risk of his incurring the penalty of usifr|; 
some of the German names, greenstone, homstone-schis* 
tus, trap-formation, &c. (F. p. 154.) 



SERPENTINE. 

§ 174. This rock occurs formifig a considerable tract 
of country south of Helston in Cornwall, called Gonelly 
Downs, and extending nearly to the Lizard Point. The 
precise geological situation of this rock has not been 
determined ; in other words, geologists have not agreed 
decidedly in referring it either to the class of primitive 
or transition rocks. If however it be an accurate 
description of primitive serpentine, that it is chiefly 
of an uniform green colour, the serpentine of Cornwall, 
which is of various shades of green and red intermized| 
ought rather to be considered as a transition rock. Qay- 
tlate is the rock which succeeds it on the north (though 
tfa^ir precise point of contact and relative geological 
position have not been ascertained,) and which therefore 
interposes between the serpentine, and the range of 
granite hills. Near the Lizard, serpentine encloses velas 
of soap-stone; which, when first raised, is so soft as 
that it may be kneaded like dough ; but after exposure 
to the air it becomes friable, owing perhaps to its parting 
with a considerable portion of the large quantity of water 
it contains. It is used, I believe, chiefly in the porcelain 
manufactory at Swansea. It also encloses and passes into 
asbestus, and small quantities of native copper have been 
found in it. Rocks enclosing shiller spar and diallage 
metallo'ide are connected with it, as well as some others 
which bear a strong affinity to those of the trap for- 
matiouk 
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Our knowledge of this singular district is extremely 
scanty, but an interesting communication on the suhject 
will shortly appear in the Transactions of the llo^al 
Geological Society of Coruwalli 

Serpentine does not occur^ I believe, m any other part 
of J^ngland. 
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§ 175. Primitive trap occurs but spaHngly in Eng- 
land; onlj some of its numerous yarieties are found) 
and those are not known to form any very considerable 
tracts of country. Jn Wales, a considerable proportion 
of some of the mountain ranges consists of primitive trap. 
"There are however in England rocks which are described 
as belonging to the trap formation, and which from their 
geological position may be considered as floetz rocks* 
Some of these are either interstralified with mountain 
limestone, or are found filling up the dykes wtraversing 
either the mountain limestone, or the numerous beds 
forming the great coal-fields of England which rest upon 
it; the trap of some of these dykes is however of doubtful 
origin ; that of others, which has in part been described 
as a basaltic rock, if an opinion may reasonably be 
formed from the remarkable facts connected with the 
history of these dykes, we are almost necessarily led to 
eonclude must have resulted from igneous fusion. (§ 122.) 

§ 176. There appears to be some reason for assu- 
ming that at least a proportion of the primitive range 
called the Cheviot hills, in the north-western parts of 
Northumberland, consists of some varieties of trap rocks. 
On the eastern side of this range, the old red sandstone 
occurs; on which reposes a limestone formation consist- 
ing of beds of that variety termed mountain limestone, 
alternating with beds of sandstone, &c. in which are 
found beds of coal; the whole constituting the moit 
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northerly part of the great coal-field sarronnding New- 
castle. (§ 95.) The greatest elevation of the Cheviot 
hills is 2642 feet above the leyel of the sea. The higher 
parts of these mountains heing covered by peat moss, 
and their lower acclivities with alluvial soil, it is sot 
easy to trace the exact line of separation between the 
porphyritic rocks of which they consist, and the secoo- 
dary country bordering them. But we may be led to 
conclude that the summit of this range consists of prini- 
tive rocks belonging to the trap formation, since the 
masses resting upon it consist of felspar porphyry en- 
closing crystals of reddish white felspar, and occasionaUj 
minute ciystals of hornblende; and among the mde 
masses and blocks which lie scattered by the sides of 
Wooler- water at the base of the range on the east, are 
found porphyritic and granitic sienites. Hornblende 
rock is by no means uncommon among these hills. 
Housy crag, which rises near Langley ford in the vallej 
between Cheviot and Hedgehope, a summit of the saane 
range, but of less elevatkio, is composed of a coarse- 
grained variety of hornblende rock ; and the perpendip 
cular clifis of Hellhole, on the opposite side of the 
Cheviot, conast also of the same rock. (6. T. vol. iv. 
p. 94.) These facts are thus noticed without any cer- 
tainty that the porphyritic rocks found as above des- 
cribed actually belong to the class of trap rocks, bat 
the slight information that has been given respecting 
tliem, renders it somewhat reasonable to refer them tsi 
it, or at least difficult to assign them to any other. 

4 177. The variety termed Greenstone, is described 
as occurring in the north of England, and in a aituatioa 
not very dissimilar to tlie preceding. The south-wciteni 
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termination of the great northern eoaUfield rests, like 
the northern^ upon the old red sandstone, reposing upon 
gre^wacke, the western sid^ of which abuts, as k were^ 
Bgainst a range of greenstone sereral miles in length) 
(Plate 2, fig. 4.) This greenstone is, In some places, 
dark and comptft, red jextemally, and Tery ferroginovs. 
Knock pike and Dniton pike, two lofty and nearly coni* 
cal hills OB the north-east of Appleby in Westmoreland, 
consist chiefly of this greenstone ; in which a thin bjed 
«f two of bfackish transition limestone is visible near tha 
iK>iith base of Knock pike. (G. T. toI. ir. p. 107.) 

§ 178. A trap formation of considerable extent oc- 
curs in Shropshire, It constitutes the great mass not 
only of the Wrekiu, but also the Lawley, Caer Caradod^ 
"Ragieath, and Hope Bowdler hills. This great trap de« 
posite is described as resting on transition, or perhaps 
the newest primitive clay slate, which breaks out to-day 
in the streets of Church Stretton. One of the character- 
istics of this trap is, that its position is not conformable 
with the clay-slate on which it rests ; nor does it corres- 
pond with any of the traps described by mineralogical 
writers. The great mass of the rocks of this formation 
have been divided under two heads. Felspar rocks and 
Greenstone rocks. 

The Greenstone rocks lie under the felspar rocks, 
and their essential component ingredients are dull green 
hornblende, and greenish or reddish felspar ; and being 
subject to decomposition, they are readily distinguished 
by their smooth depressed verdant surface from the fel- 
spar rocks, the surface of which is bare and craggy. 
When the greenstone is very crystalline, it contains only 
iron pyrites ; but whon the hornblende an^ felspar are 
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more iotimately mixed, the rock becomes amjgdalmdal, 
and contains globuJar concretions of felspar, quartz, cal- 
careous spar, haematite, zeolite, and actynolite. A rock 
ef this kind, and of great beauty, occurs onCaer Caradoc. 

The basis of the Fel^ar rocks is a clay-stone or com- 
pact felspar. That variety which occfilk on the summit 
of Caer Caradoc, is a cellular clay stone, the rarities of 
n hich vary in size from a small almond to a pin's head. 
They are aU tery much compressed, are lined with mi- 
nute crystals of quartz mixed with a yellowish green 
earthy matter, which is perhaps decomposed actynolite. 
A variety of this rock is found at the top of the Wrckin. 

Oa the felspar rocks occur, in some places, other beds 
which are interposed between them and the limestooe 
formation of Shropshire, as claystone or cdtnpact felspar, 
quartz-grit, and slate-clay, on which reposes the lime- 
stone (§ 126). (G. T. vol. i. p. 206, & seq.) 

§ 179. Some varilsties of trap rocks are said to ac- 
company the granites of the Malvern hills in JVorcetier' 
slii'r^y and of Mount Sorrel in Leicestershire. 

At Micklcwood in Gloucestershire, to the east of the 
road to Bristol, and within two miles of Frampton, is a 
mass called the Old rock, which rises perpendieularly to 
the height of about 30 feet, is less than 300 yards 
wide, and extends in the other direction about a quarlor 
of a mile. It is found again to the north-cast of the first 
mentioned place, dipping to the east beneath the surface. 

Thc'Micklcwood rock has an amygdaloidal character, 
containing plain and striped chalcedonies, and numerous 
fungiform or irregularly cylindrical masses, composed of 
iron bpar« Those masses arc often two feet in leogth; 
the chalcedonies vary from one to twenty inches in dia- 



TXevonsh.—N^ Wales, trap. 171 

meter, and are nearly all of the same shape, convex 
aboTe^ and concaye beneath. (G. T. yoK iv. p. 444.) 

§ 180. Trap is very sparingly found in the western 
counties of England. A bed of greenstone, in the com- 
position of which there is much steatite, is described as 
being included completely in argillaceous schistus, near 
Tonr point on the south coast oi Devonshire \ though small 
in extent it is quarried for building. Other beds of the 
same kidd are visible in the same neighbourhood. A bed 
of the same rock is also said to. lie in clay-slate near 
St^ary Tavy. (G. T. vol. i. p. 115.) These I believe 
are the only instances hitherto noticed of the occurrence 
of this rock in the west of England ; but some of the 
rocks near the Lizard point in Cornwall^ partake greatly 
of the characters of greenstone and greenstone-slate. 

§ 181. Trap rocks constitute a considerable propor- 
tion of the primitive mountain ranges of North Wales, 
No part of that country has yet been sufficiently ex- 
plored ; nor is it, I believe yet known, to what extent 
rocks of the trap formation occur in it; consequently 
their boundaries have not been defined. 

In North Wales there are two principal mountaia 
ranges, whose direction, like that of primitive ranges in 
the general, is north-east and south-west. Of the 
northernmost of these, the summit of Snowdon forms the 
most elevated point, and that of Cader Idris of the other. 

The upper part of Snowdon consists of cliiFs of differ- 
ent heights, rising one above another. Its highei^t 
peaks are said to be composed of porphyritic rocks be- 
longing io the trap formation, passing into nearly com- 
pact or SGhistose hornblende. Near the summit^ how- 

p2 
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erer, there it reason to beliere, that tchistose rocks 
belonging to the greywack^ formation are foand, en- 
closing the impressions of shells. (§ 186). The sides of 
the Snowdon chain are covered by rocks generally par- 
taking of the schistose character, and although their 
precise nature i^ not known, it is understood that the 
])reyaiting rock of North Wales is clay slate or argilla- 
ceous schistus. The outgoing of these rocks becomes 
jower and lower, as they recede more and more from 
the elevated tn^ formation forming the sammits. Upoa 
the north of Snowdon, on the banks of the Meoai, sepa- 
rating Anglesey from North Wales, mountain limestooe 
succeeds the clay slate. The latter rock may be said to 
be the preyailing rock of Anglesey ; granite occurs near 
its center, and mountain limestone towards its sontheni 
side. Oh the north-eastern termination of the Soowdoa 
chain, the greywacke formation makes its appearance, 
and is succeeded by mountain limestone. (See Map). 

The mountain chain of which Cader Idris forms the 
most elevated part, consists of many lofty peaks, and 
includes the mountains called the Arrans and Arennegs; 
The peaks and summits of this, as well as of the Snow- 
don chain, -are composed of rocks of the trap formation, 
which are succeeded on the north-west by slates of va- 
rious kinds extending to Snowdon. The same rocks ibna 
the countiy on the south-east of this chain, and are the 
prevailing rocks of the greater part of Wales south of it 
On the north-east occurs greywacke; to which succeeds 
limestone, and afterwards qoal ; the same ord«?r prevails 
In the termination of the slate forniaiion in South Wales; 
greyuack^ succeeds ; then limestone, on wiiich reposes 
the vast coal deposite, bordering the Bristol cbaunel 
Limestone occasionally makes its appearance in the 
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slates of the country south of the Cader IJris chain ^ 
and mostly bears the characteristic marks of mountain 
limestone, but sometimes of a transition rock. It is 
important to mention that the porous appearance as- 
sumed by some rocks which occur on the flanks of 
Cader Idris, have induced some travellers to suppose 
that mountain, or at least some of its rocks, to be of 
▼olcanic origin. This opinion was the more plausible^ 
and seemed to receive strong corroboration from the 
appearance of a large hollow, high up the mountain^ 
now occupied by water, and forming a lake overlooked, 
by a steep cliff, greatly resembling the crater of a vol- 
cano. It is however now decidedly believed that no- 
trace of volcanic matter is to be found on the mountain. 
The upper part of the steep cliff just mentioned forms 
the summit of the mountain ^ it consists chiefly of im- 
mense columns- of highly crystalline greenstone, rising 
at a considerable angle from beneath a ruin^ which lies; 
between their base and the lake beneath,. The height 
of these cliffs is about 1100 feet. At least the lower 
half is occupied wholly by the columns of greenstone :: 
similar columns, but of less size, appear above, and 
these are interstratified with slates, greatly resembling: 
primitive clay-slate, lying at right angles with the co- 
lumns of greenstone. The southern flank of the moun- 
taio consists chiefly of slates, lying at almost eyery. 
possible angle in different places, rendering, their strati- 
fcation very difficult of comprehension. Onthe north ofT 
ihe summit, and between the lake at its base and the 
town of Dolgelly, an immense range of stoney mountains^ 
strtttches nearly cast and west. These -consist chiefly oft 
greenstone, which commonly is columnar,, sometimes^ 
riatj,. The profile of these rocks ia the distance,, i&i 



-nil 

;3| 



174 TRAP. 

precisely that which gate the name to the trap formatioii: 
it resembles steps or slairs ; the intervening hollows of 
■which are sometime^! partiaHy filled by slates. Some of 
the greenstone of this range encloses crystallized rartw- 
naif of lime, and therefore assumes the charaeter nf ■ 
porphyritic rm-k. In many places it may be olisci 
that the carbonate of lime has been decomposed, lea>i 
eavities ; and this circunistance, together with the 
composition of the iron, forming an Ingredient of tlw 
hornblendo, which often abounds, has i^tfen to the rork 
s cellular and rusty appearance, which has ipd need I he 
suspicion of its being actually the product of a toJi 
A blow of the hammer will in most cases expose 
truth. 

Though the southern parts of Wales are mid to 
chiefly occupied by the greywaeJtfe formation, trap 
are found near St. David's head, the country ai 
which consists of rocks of that description. That of! 
David's head is considered to be primitiTc. The 
<k>minating colour is brownish green. The |;eneral 
racier of ihe rock is crystalline, but the felspar rarely' 
ever otcurs in dbtinct crystals, and even the horDbleode, 
though aanally the most accurately defined of the tuo, 
is sometimes not discernible from the felspar. The man 
has sometimes eren the appearance of a mechanical tte- 
posite. Id some instances the character is so extremely 
erjuirocal, as to leave the judgment in a very diffit 
siaie of suspense. (G. T. vol. ii. p. BO). 
is no uncommon circnmstanee in primitive 
eharacteis are not always so decidedly marked at 
leave in the mind of the observer no dooht of their pre» 
else nature. Another ditHcully is also very comntM ; 
thoir ttausitioDS are gradual and frequeot, espei 
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fttnong the trap rocks* On the side of Cader Idris I 
^observed a rock which on one side appeared to be that 
Taricty of primitiye trap which is termed greenstone-r 
slate ; hj degrees the hornblende was lost, and the 
felspar became compact, and enclosed crystals of quartz* 
On one side, therefore, this rock had the appearance of 
greenstone-slate, and on the other of a porphyrttic feU 
spar, although it was only three feet wide, and was 
without a crerice* 

§ 182. We mnst^ot however here pass by, without 
some notice, those obscure and »carcely intelligible 
rocks, which in England are found interstratilied with 
the mountain limestone connected with the great north- 
ern CoaUiield (§ 96), and w\th the same limestone in 
Derbyshire, which is connected in a similar manner with 
^he. Coal-field of that county (§ 13^); and also those 
TW^ks which, in Shropshire and in Staffordshire, are still 
more intinmtely connected with the coal of those counties* 
These rocks hare receired the names of trap, basalt^ 
greenstone, amygdaloid, and toadstone, almost indiscri- 
minately, and at the pleasure of those who haye described' 
them. (§131). When howeyer it is said that the foregoing 
names are giy^n indiscriminately to these rocks, it is not 
thereby pretended to assert that they are all precisely of 
the same nature or origin ; but such as are found gene- 
rally speaking under similar geological circumstances^ 
may be suspected to belong to one class. Their com- 
position is not always the same;, and some of those 
which haye been most particularly described^ are found 
to exhibit yery different characters in proximate parts of 
the same bed, especially that of Derbyshire. The Toad-^ 
stone of Derbyshire (§ 134), and the Basalt of the 
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north of England (§ 1^1), are interstratified Mith moaa- 
tain limstone: the Greenslone-irap of Shropshire lies 
between it and the coal strata (§ 181) ; and Trapf 
Green rockj or Greenstone^ lies between the strata cou- 
stitutiug the Coal formation at Birch hill colliery^ near 
Walsall in Staffordshire. (§ 128). In the northern Coal- 
field, basalt is found in veins or d3'kes, traversing the 
beds of Coal, and all those beds of Kindstone and other 
substances with which they are interstratiiied, and which 
thence hare received the name of Coal-measures, pro- 
ducing the most extraordinary contortions and disloca- 
tions in the strata, and the most strange effects upon the 
coal. (§ 122). 

In the ' Order of Super-position^' &c. to be found at 
the end of this volume, all the rocks just noticed are 
included imder the term Fketz Trap : and it may be 
assumed that the trap of Shropshire (§ 178) lying ob. 
clay-slate, may, from its unconformable position withi 
that rock;, be also included in the same class^ 



CLAY-SLATE. 

4 183* TUb rock occars eztensiTely in the nortbtrn 

and western parts of Ehgland. In the first, it forms a 

Urge proportion of the mountainous district of Cnmber- 

.land and Westmoreland, but this interesting tract of 

country has not yet been sufficiently explored to enabla 

us to tface its boundaries. Skidaw and some of the 

neighbouring mountains consist chiefly of it, and the 

plumbago of Borrowdale is described as occurring in a 

.moontain of the same nature. In the western part of 

England it reposes on both sides of the great granitic 

range (§ 195), extending from the middle of Devon- 

-shire to the extremity of Cornwall. 

§184. Clay-slate, there is great reason for belieyiugy 
has often been confounded in geological description, es- 
pecially in that of the western conntics, with greywacke^ 
.that least intelligible rock of the whole mountain series 
of England ; and Dr. Berger has even gone so far as to 
give the name of greywacke to the whole of the clay- 
slate of Cornzcall; but though it is not to be denied that 
greywacke is found in that county, (§ 165), yet almost 
the whole of the immense deposite reposing on the 
granite range, both on the north and south, is I believe 
.considered to belong to the clay-iilaie formation : and it 
is in this tract that the principal mines of Cornwall^ both 
of tin and copper, are situated. 
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§ 185. The clay-slate of Cornwall is termed KiUa$ 
by the miner. Its strati ficatiou is very distinctly seen 
at the passage of the Tamar near Calstock, and of the 
Tayy near Beer Ferris, as well as at many other places 
on the south of the central range of granite, and on the 
coasts ; and it is very clear that the general dip of its 
strata is about south-east, at an angle of about 70 dc* 
grees ; while on the northern side of the grauite^ the dip 
of the clay-slate is nearly north-west. 

It has been remarked (G. T. Yoi. ii. p. 499) that the, 
killas of Cornwall has generally the silky character as- 
cribed to clay-slate. It is traversed almost throughout 
its whole extent, by frequent veins or rather dykes of a 
porj)hyritic rock, which forms one variety of the Ekim 
of the Cornish miner, and which does not occur either in 
the Dunstone or Shillaty (the greywack^) of Devooshire« 
It has been found to contain at St. Agnes, the topaz, and 
in various places, tourmaline and the garnet : the dykei 
are frequently occupied by chlorite, by mica, and by 
crystallized felspar. A considerable part of the tin of 
Cornwall is obtained from the killas, and the grey ore 
of cobalt has repeatedly been found in it. All these 
minerals have usually been considered as charaeteristic 
of the earlier rocks, and none of them are, I believe, 
stated by the writers of our most esteemed mineralogical 
systems, to occur in that to which they assig[> the name 
of grey wacke. 

§ 186. In the preceding section, the veins or dykei 
of porphyritic rocks, termed by the miners Ehanj have 
been mentioned as characteristic of the clay-slate for- 
mation of Cornwall. These have not been thoroughly 
investigated ; for since the miner attends only to those 
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points which in his own estimation tend to benefit his 
occupation, without recording the curious facts which 
daily offer themselves to his notice, no account of these 
extraordinary dykes, termed by the miner channels^ is to 
be found.* It may however prove interesting to notice 
them generally. In the mining district of Cornwall, 
they are commonly found in killas, rarely, I believe, iu 
granite ; which, cither in its natural state or when de- 
composed, is termed by the miner grouaiu Their com- 
mon direction on the surface is east and west; and they 
generally dip beneath it towards the north ; frequently 
very rapidly, that is to say, at a small angle with the 
liorizon. These beds or channels vary from a few, to 50 
or even 80 fathoms in thickness, and in some cases are 
•continuous through a long tract of country, as is the 
case with metalliferous veins, but with which tliey have 
DO analogy. The veins both of tin and copper generally 
pass through them, but are commonly narrower when ia 
the elvan, than when in the superincumbent and subjacent 
rocks, which are usually clay- slate. The channels have 
sometimes a granitic aspect, but are commonly porphy^ 
ritic; the base being a kind of hornstone, or felspar, 
and the imbedded substances crystals of quartz or felspar. 
On the northern coast of Cornwall, Elvan is described 
as occurring in beds and veins of every possible thick- 
jiess, from forty feet to hiilf an inch, sometimes over- 
lying, but more often traversing the killas in various di- 

♦ We may however hope that, in the future, the new and 
curious facts which the Cornish mines continually present, will be 
made public. In the first volume of the Transactions of the Geo* 
lo<pcal Society of Cornwall, we have reason to expect an account 
of the Channels of Elva/iy which are of frequent occurrence in the 
mining part of the county. 
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rections, and iinilf^r anch circumstances as are appu 
trrecoiicilable with any other theory than that » 
supposes them to be oi contemparaneout formation wiin 
the rocli; enclosing them. These elvans are for the most 
part of porphyrttic structure, the base being in most 
instances a very minute aggregation of quartz, pale chlo- 
rite, and possibly some felspar: the first of these ii 
usually the predomiiiunt ingredient, the imbedded luh* 
Stances are felspar, quartz occauonally crystallized |^ 
small double hexagonal pyramids, and chlorite in SBJ^H 
patchCT. (G. T. ¥. It. p. 402.) ^H 

% 187. The neighbonrhood of Tintagcl on (he norli 
coast of CoroHall, and six miles on the north-west of 
Camelford, is famous for its qoanies of roofing slate of 
excellent (juality. The slate is much freer from enr- 
f atarcs and contortions than that along the coast to the 
eastward of it; it contaiifs no elvan dykes. In its vcinl 
are found quartz, rock crystals of great transparency 
and beauty, calcareous spar, chlorite, and in some In- 
stances iidularia, but no metalliferous ore. It is howerw 
remarkable that a slate has been found bearing the li 
pression of shells, representations of which are gire 
Plate 25 of the -Itli -volume of the Geological Tra« 
tions, but they appear to be rare ; and in the grej'w4|| 
slate of Snowdon (^ 168), a similar impreasion h 
uoticed. (G, T. toUIt. p, 425.) 

(j 188. On the northern part of the coast o^ Coram 
w^ere the newer formation of granite rests o 
slate, and where the latter rock is intersected by dna 
veins and beds, in the neighbourhood of CI egga point, 
(§ 201), the slate occasionally presents shigular em* 



vatores ; in many places if parses into cM^rlie^slate^ mud 
in the immediate neighbourhood ef Ae ^irati dylces, it 
usually presents, either a highly crystalline form^ of that 
rock, or such an Intermixture of It with quartz and feU 
spar, as might fairly be esteemed a variety of gneisttf 
(G.T.vol.iv. p.403.) 

§ 189r ^ In the parish of Veryan in Cornwall, and iir 
the neighl)onring parishes, slates altemate with a lime* 
Btone which is quarried; and which^ when coivrerted 
into lime, is used as cement and as a manure, 

§ 190. The veins which contain copper or tin, or 
both, run east and west in Cornwall, and pass throi^h- 
both ^granite and clay-slate. Those containing silver, 
lead, cobalt, or antimony, run north and south, with 
little exception ; and are, I believe, always in clay-slate» 

§ 191, In cutting a tunnel for the Tavistock canal 
between the Tamar and the Tavy, in Devonshire, silc 
elvan courses or channels were passed through* Three 
of them consisted of chlorite and quartz, or of granular 
and crystalline quartz ; the substance of the other three 
is termed by the miner gt'ouatiy which is described as 
being a clay porphyry. These courses vary from 6 to 26 
fithoms in thickness, are nearly parallel, and dip through 
the clay-slate (killas of the miner), of which the hill is 
composed, beneath the surface, at a considerable underlie,^ 
towards the north. On the surface, their direction is of 
course, nearly eas£ and west. These beds arc all inter- 
sected by some of the many tin and copper veins dis- 
covered in driving the tunnel, which is 1270 fathoms 
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long, as is always the case with beds of the same descrip- 
tion 111 Cornwall. (G. T. vol. iv. p. 152.) 

At Tofr Point in Devonshire, and in some other 
places in the west of England, clay-slate is said to in- 
clude beds of greenstone. (§ 181.) 

« 

§ 192. The preTailing rocks of North Wales arc 
slates of Tarious descriptions : but scarcely any part of 
the principality has yet received that attention which it 
merits. Its mountain ranges consist in great measure of 
trap rocks (§ 182), with which slates are associatedy 
and even in some places interst ratified. 
■ Clay-slate occurs in Shropshire as the supporting rock 
«f the trap formation of that county.. (§ 178.) It cropi 
out to-day in the streets of Church Strettoo* (G. T. 
vol. 1, p. 212.) 
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GNEISS- 

^ 195. This rock has b^en noticed in Cornwall 
reposing on, or intermingled with the graiiite of that, 
country, and will hereafter be mentioned (^ 207) as 
reposing on granite, onithe northern side of the Malvera 
hills ; but its chanatcters are not yery determinate. Hh^ 
clay-slate^ oh wJiich iestis the newer formation of gnmittt 
of Cligga point in Cornwall, has been^scribed (§201,^ 
fts being so intermingled with quartz, and felspar^ as ^kaJt 
It may fairly be esteemed a variety of gneiss.. 



MICA-SLATE. 

§ 194* Mica-slate is,^ like the preeeding rock, of 
extremely rare occurrence in England. I am not aware 
ef its having been noticed except by Dr. Berger, whc^ 
describes it as forming the cliffs at the Lizard point ii| 
Cornwall, which extend into the sea,, forming dangerous 
reefs and sunken rocks.. That of the roost southern point 
of the Lizard has a very brilliant lustre, is of a fawa 
colour, includes veins of quartz, and is evidently strati-^ 
fied. No garnets were observable in it, (G. T. voL u 
p. 129.) ^ 
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GRANITE. ' 

§ 195. Tlie piincipal tract of Gmntta is te b« fovBd 
in th« west of EDgland. It there fortrms the* eeDtra) part 
of a mauntain'^chainy wliich^ like all other rapget of 
priinitrre moantaimS) is ifi the difectioD el nentl^east and 
soothowest^ eiteDding atboat IfO iniie»fpom new tbo 
center of Devonshire on the cast, to the extremity of 
Cornwall on the west, and presentifif a regukritjr ia 
compositioDTareljr to be oliserved i» great chauia« (6»T« 
Tol. i.) The higliest points of this range consist of 
granite ; of which, the svnmtt of the hill called Brown 
Willy, which is near Bodmin, and is about the center of 
the chain, is th^ most elevated point, being 1358 feet 
aboTe the lerel of the sea. Towards the west, this chain 
sfopes gradually, terminatfn^ at the estretttty of Corn* 
wall in a narrow tongue of land which ia jiaMedf of 
granite; but on the east, its tetninatiiOQS' am ratto 
abrupt. We shall readily conceive that the graake trnct 
of Devonshire and Coniwall is of great extent, wlien wi 
irefleet that the mountain'^lmn of Dartmoor alone, las a 
Surface of 80,000 acres, or neavly 360 s^innt anieii 
(G. T. vol. i.) 

• 

§ 196. According to the Wemerian school, there are 
two or three formations of granite. That of Cornwall, 
not being large-grained, is not commonly esteemed to 
be of the oldest formation. But this rock has not yet 
received that attentive examination which it merits, bi»th 
from its extent and from the riches which are daily pro^ 
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cured from its numerous veins,* and whicrh appear to be 
Inexhaustible. 

§ 197. The granite of this tract, especially in it» 
central antf western parts, is subject to decomposition^ 
as is evident, not only on the common surface of the 
country, but also- by the many vast and rude blocks t 
of which the edges^ are rounded by that process, and the- 
whole mass reduced to the most extraordinary and fan- 
tastic shape. That this effect is to be ascribed to that 
cause, and that it is not att^ibu^able to* attrition, is de-» 
monstrated by the cavities visible in- many masses, evi- 
dently still in situ, and in the bottoms of which the ruia 
•ccasioned by atmospherical action still remains. To de- 
composition^ also is attributed the existence of a tract ol' 
iSoose whitie earth, somemiies in extent, which is quarried 
as a porcelain earth*. It is not far from St. Stephen's^ 
on the southern side of the granite range. The prin- 
cipal quarry is 830 feet above the level of the sea. ^ It ish 
a decomposed granite, the felspar of which forms two-* 
thirds o£ the mass,^ in which crystals of quarts and scales;: 

*' Some aecoBntof the metalliferou» veins of Cornwall', and oB 
those which traverse thennywas given in my ' Outline of Mineralogy 
and Geology," &e. and stlU^mor^ at large in a communication to 
the Geologicah Society, whfch is printed in the second volume o£ 
Tk% Transactions.. The latter is now annexed to this volume^ 

f On this subject there is a comraunieatien in the Second Volume 
•f tho Xransactioos of the Geological Soeiet7,.byDr.MacCuUoch* 
Amongst the remarkable rocks therein noticed,, is the celebrated^ 
^I^ogging Stone,' ipvhich, although it be 17 feet long, S2j feet ii^ 
circumference, and 65 tons ui weight, may be moved by thar 
force of a. very few pounds, so as to maintain a visible vibra*^ 
lion» £ven< the ytioA blewihg on its western expoecd sucfacCj^ 
ytoducetthii effect in^a very sensible degree- 
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of mica are imbedded^ together mritk crystals of a com* 
pact earthy felspar. It is chiefly used in the porcelain 
manufactories of Worcester. 

§ 198. The conical hill called St &IicbaePg Monnt^ 
situated about a quarter of a mile soyth of Marazion^ ia 
Cornwall, is deserving of notice.. It is sarrounded by 
the sea at high water. It is chiefly of granite, which 
lippears to have been split into immense irregular mas* 
•es ; on its southern side it is very precipitous. On its- 
northern and western sides reposes argillaceoos schis^ 
tns, or according to Dr. Berger, greywacke, which does 
not rise ikr above the sea. In the granite,, are Teins 
containing crystallized tin, mica, quarta, small topazes^ 
* and crystals of apatite : the {Hnite is said also to have 
been discovered there. On the summit of the mount ia 
a Gothic castle, one of the seats of Sir John St. Aubyn, 
which, being situate in a bay, commands a scene as /ie^ 
lightful as the eye can contemplate 

§ 199. Besides the granite, strictly so called, of 
Cornwall, there are other rocks connected with it which 
may be termed granitic. The- lower part of a hill, 100 
feet liigh, near Ivy^Bridge, is composed of greywack^ 
(argillaceous schistus ?) which is covered by a porphy- 
ritic granite, consisting of brick-red felspar confusedly 
crystallized, in which are imbedded crystals of vitreoas 
quartz, hornblende, and tender steatite of a yellow eo> 
k)ur. (G. T. vol. i. p. 118> 

§ 200* No satisfactory observations have . hitherto 
been made public^ on the veins which are found ia 
locks superinGumhent oa the grtaite of QNaLWallj^ wti 



Wcii of England^ gs aiotk. UST 

which, from the nature of the substainces Ti?ith D?hich 
they are fiUed^ haye been termed granite veins. Mean- 
time theory has been busy ; but the student is advised to 
beware of giving, upon slight grounds, or even upon emi- 
nent authority, his assent to any theory new existing res- 
pecting their formation- Neither the nature nor circnm- 
stances of these veins is well understood : indeed theicL 
investigation is one of the points which is as dif&cult as 
any connected with the science ; and it isi the more es- 
sential that a decision of opinion respecting their origin^ 
should be founded on a thorough investigation of the- 
facts relating to them, which have not been adequately 
explored, since upon this decision depends, almost ne<«- 
cessarily, the adoption of one or other of the two pre-*^ 
vailing theories relative to the origjin of the older rocka^ 
as they are commonly termed.^ 

* 

. § 30); The newer granite formation of the Wernefiaik 
school is found in Cornwall, resting on killas or cia^^ 
iiate. It is smail-gratned, the felspar h sometime*. 
earthy, occasionally flesh-coloured ; it contains but little- 
biica, and encloses imbedded crystals of flesh-coloured 
felspar* The latter circumstance sometimes occasionsi 
the designation of porht/ritic granite'* A rock of this* 
description,, but varying frequenfly in the proportion o£ 
its ingredients, aud consequently in its appearance, con« 
stitutes Cligga point, a "cousiderable headland in Corn-^ 
wall,^ five miles east of St* Agnes ; and the clay-slate 
dips beneath it at an angle of at least 8(Xcfegreea fromt 

♦ See ^Outline* of Mineralogy and Geology,^ 3d £dition,.p^ 201 ^ 
We may shortly expect some matter-of-fact inlini'mation on th]8^ 
very intricate subject,, in the first voluide of the Transactions ofi 
«hft Giolngical Society of CoxnwjiL 



I 



188. ORAKITE-. 

the horiztm, The granite hm been much worked for 
tin, which is disaemlnaled through Us mass in \eiiis ap- 
pa rently contemporaneous. The claj-slate ow which it 
reposes, occasional))' prcaenia singcilar curvatures. (G.T. 
Tol. iv. p. -103). The granite of several parts of ('oru- 
walt, contains liu interspersed throiigh It in. a crytialliM^I 

§ 202. la reviewing the two or three preceding pagei^ 
ft will be otJserved that our knowledge of this ronnotion, 
ronEtituting a large part of tlie ninat Important and mnat 
interesting of our mineral districts, conveys but little 
Information respecting it. That our knowledge is- thus 
scanty, is in part to be attributed to Che loo prevalent 
ajisiety of viewing and descrlbii^ geologically, laige 
tracts of counlry^ in which only the general features csw 
be observed, Iq preference to confining the altentjon to- 
smaller districts, whTch would allow of that* nimute in- 
vestigation which may be termed mineraloglcal, and 
which is so essential to our proper knowledge of alt 
rocks, more especially of those compound massc-a- whicb 
are termed primitive. 



% 203; To what has preceded, it may be adJed'tkrf 
the granite of Cornwall is believed not lo be flratijieil^ 
rt has not therefore been observed inlerstratilied with 
any other rock ; for the instance already cited (^ IWf 
of a graniiie rock reposing on clay-slate, is not io be 
consMcrcd an tiistance in which true- granite- is so found, 
since the substances it includes are Foreign to that rock. 
It is certain that Jn some of the mines of Cornwall, as itt 
Tin Croft for iuslajicc, which is situated at the foot of K- 
graaite bill called Carabnte} the miner sunk alteniatety 
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throQgh cfay-slate^ wbich forms the surface of the rxAnef 
and gfanite : but this circumstance is believed to have 
b«eii owing to the casual protrusions of the latter rock^ 
having caused cavities on the sides of the mass^ which 
were tubsequently filled by clay»slate. 

§ 304. The rock commonly reposing on the granite 
of Cornwall is the kiUas of the miner, the da^^slate of 
geologists.' It seems essential to apprize the student ^ 
that ia the general survey of the county by Dr. Becger^ 
to be found in the first volume of the Transactions of 
the Geological Society, the rock lying on the granife ia 
termed greywack6 ; an appropriation of the term which 
is not allowed by even the most strenuous advocates of 
the Weimerian nomenclature. It must however be added,, 
that aHhoiigh the rock flanking the great granite chain of 
JOevon and Cornwall, is, generally speaking, clay»slate^ 
it IB occasionally accompanied by greywack^ (§ id5)» 
tfaoBgh not to any considerable ej^tent* 

^ 205« This rock appears in several other parts of 
JEogland, though, in comparison with the tract of which 
iN^e have been treating, only in small patches. 

§ 206* It occurs in small quantity and in situy. near 
the foot of a hill in the grounds of Westercombe, a fevr 
iniies north-east of Taunton in Somersetshire y where 
there is a small quarry: the inhabitants of the neigh* 
bouriag tounlry call it Pottle-stone. It is small-grained^ 
and consists of flesh-coloured felspar, green mica, and 
a small quantity of quadz. A mass of it appears in the 
ibrm of a wall a few feet above the ground, and near it 
are visible many strata of the slates common ta the grey- 



wacte formiitioti ; on the soul h -eastern most liorderi of 
which, the granite appears. Within a few yards of it^ 
the inclinalion of the strata of sktes is about 35 degrees, 
but nearer to it, the angle increases to 63 degrees. The 
granite is much finer grained near its juni-tloD vith the 
slate, than in other parfs, and at the cuufact tliere is an 
indistinct blending of the two, which has somewhat lh« 
appearance of fragments of tite slate uniti;d hy a graoilte 
cement. The slate, in some places near its junctiM_] 
with the granite, takes the form of a greenish comfM 
■tone, resembling some varieties of hornslone ; and % 
Bsed in the neiglibourliood as a whefitone. (G. T. i ' 
iii. p. 348.) 

§ 207. Gi-auite is again seen in the Malvern kS&y, ' 
which are about S miles in length, 1444 feet high, and 
run north and south near the borders of Herefordahllfl 
and Worcestershire. The granite of these liills is on- 
atralitied, and is so greatlj' deroniposed as scarcely lo be 
recognized. It is iu that stiite which the quarry-mea 
term rotten. It does not present the same crjslalline 
appearance as the granite of Alpine countries. The fel- 
spar, in (he more compact and best dttfined spccimenT) 
is usually red. On the western aide, the granite is 
coi-ered by stratified rocks, such as limestone, and an 
argillaceous rock, both of which enclose such organic re- 
mains as occur only in the eldest of the secondary rocks. 
On the eastern side, it is associated with sieidte, *'4J 
some varieties of trap rock. Gi>eiss reposes -on '^H 
northern Bide. (G.T. io1. i. p. 3170 ^M 

S %08. A few miles north of lytcester, near ^H 
iwter of England, granite nses, forming a part of ^^M 



-small eleTation called Mount Sorrel^ ^herc it is asso- 
ciated with rocks of the trsq) formation^ and with schis- 
tose rocks of Tarious descriptions. 

§ 209« At Shap^ a few miles south-west of Penrith 
in Cumberland, it is found forming a ridge of no consi- 
derable magnitude, about 1200 feet above the level of 
the sea. I am not aware that the granite of the two 
latter tracts has been thoroughly examined, and I for- 
bear to give such an account of it as hand specimens 
^one would furnish* 

4 210. It likewise occurs hi the north of England^ 
-a few miles north-east of Appleby in Westmoreland, at 
the foot of Dufton Pikc^ on its western side, where it is 
entirely surrounded by greenstone. It is there quarried 
for field walls, and the opening is 45 feet broad. This 
granite consists of a bright salmon-coloured felspar, 
ulvery mica, and a few small specks of quaitt.^ It also 
iMxnrrtwo fields further west. Granite is likewise found 
si mile south of Dufton Pike, in a streamlet that runs to 
the Tillage of Dufton ; it resembles that of the hills on, 
the south-west of Shap, and contains large flesh-coloured 
crystals of felspar. In a field adjoining, and on both 
sides of the water-course, lie large blocks composed en- 
tirely of dark mica, which are half buried in the soil, and 
•appear to have been derived from a subjacent rock of 
iBica connected with the granite. (G. T. vol. iv. p. 1 10.) 

* This granite much resembles that which is found at a place 
called Demming or Red Crag, at the highest point of the road 
between Shap and Kendal ; and which, being only 30 feet wide^ 
and lying between two walls of coarse slate, has been imagined to 
he a dyke (or vein). (G. T. vol. tv. p. 1 10.} 



19^ BUkmrv:. t. of Man. — Walet. 

§ ^11. Granite is found in the Isk of Man, but not 
of the oldest formation^ in the bpinion of Dr. Berger, 
whose communication on the geology of that isle may be 
consulted in the 2nd volume of the Transactions of the 
Geological Society; and he thinks that some doubts 
ifiay be entertained whether, in the places in which it 
occurs, it does not lie in beds, rather than form the 
uniTersal foundation of the isle. Another primitiTe rock, 
clay-slate, occurs there also, but not of the oldest kind. 
Of transition rocks, several yarietics appear, but they 
do not contain organic remains. Floetz limestone is also 
found there, accompanied by roagnesian limestone. On 
the limestone lies an amygdaloid, consisting of wack^ 
of an earthy texture, enclosing nodules of calcareous 
spar and iron pyrites. A conglomerate sandstone is also 
found, which in some places overlies the limestone. 

§ 212. Granite has not yet been discovered in any 
of the grea^ mountain chains of Wales, nor indeed in any 
part of the principality, excepting a small spot near the 
middle of the Isle of Anglesea. 
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OK tHE 

VEINS OF C0RNWA3X. 



Some account of the Veins of Cornwall is giren in my 
^ Outlines of Mineralogy and Geology,' &c. but of so 
general a nature, that I am induced to add to the for«» 
going pages, a more particular description of them, form- 
ing a communication which I made to the Geological 
Society, and which is inserted in the second volume of 
Us Transactions, tt contains accounts of several kinds 
of veins, and some geological facts, which, I believe, 
have not been made public in any other form ; and as 
the whole subject is in every point of view of great im- 
portance, it will, I trust, be found interesting by the 
student. 



A Visit to the county of Cornwall in the year 1800, 
the inducements to which were the objects of mining 
and mineralogical inquiry, afforded me many opportuni« 
ties of conversing with practical miners. The subject 
was new to me ; and it was with considerable pleasure 
that I listened to the many striking and interesting facts 
detailed by men ever ready to communicate the infor- 
mation they possess, and whose minds, as repeated visits 
to the county have since confirmed io be their charac- 
teristic, are habitually disposed to industrious ingcnui^^ 
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It may well be supposed that the foremost of these sub- 
jects was the nature and peculiarities of reins, or as they 
are technically termed, loads, or courses.* Ilaring 
learned that the run, or direction of the regular metal- 
liferous veins is about east and west, and that in some 
districts, the same vein is known actually to pass through 
several mines, it occured to me, as being within possi- 
bility, that at least some veins might extend the whole 
length of the county ; and that if the situations of such 
mines as were then working, or had lately been worked, 
were accurately described on a map, it might throw some 
light on the idea. With this view therefore, after visit- 
ing many of the mines, particularly those of the miaiug 
district of which Redruth may be said to be the center, 

* I have been at some pains to discover the original meaning 
of the term lodi^ or /««</, as the technical.appellation of the eant and 
west, or metalliferous veins of Oornwall. Borlase in his natural 
history of the county treats at page 146 of the Fissure^ and the 
next chapter begins thus : ^ From the Fissures let us proceed to 
that which they contain, whatever fills them, we call a Ictd;* 
making a distinction between tlie fissure or vein and the sob- 
stances it contains. He says in the same chapter * where the load 
is barren, it may serve to /mh/ us to what is rich ;* and in a note, 
concludes the term Mc to be an old Anglo-Saxon word, meaning 
kad\ thus /ptf (/-stone, meaning hading-^tone^ and refers to Lye*s 
Junius ad veriu'm. Without going so far back for an authority 
which nevertheless may be correct, I am induced to believe the 
term lode^ though thus spelt by Borlase and Price, originally meant 
the burthen or load of the metalliferous vein. Carew, whose * sur- 
Tey * was published almost a century ago, not only so spells ir, but 
at p. 8, in speaking of the effects of the flood on the rocks of the 
county, says It carried away so much of the * Itad as was contained 
therein.' Besides it is to he noticed, that the north and south 
veins, which are not metalliferous, are uniformly termed cvai^h 
making a clear technical distinction between unproductive and 
metalliferous veins. 



ON TBS TEIKS OF CORNWXLt* 195 

that object was accomplished by the assistance of some 
friends. The result hy no means confirmed the idea in 
which it originated : for although it evinced that in the 
j'eor 1800 there were about 120 mines In the county, 
either then working, or which had lately been worked, 
few of the east and west or metalliferous veins^ fron 
cauies that will be explained In the following pages, 
hare been explored, or eyen satisfactorily traced more 
than two or three miles. The map was however pre- 
seired merely with a yiew to priyate gratification ; but 
several gentlemen, whose zeal for geological inquiry in- 
^aced them to consider this attempt to shew the locali- 
ties of mines as in some degree worthy of attention, 
urged my offering it to the notice of the Geological 
Society, accompanied by a memoir on the subject of the 
Veins of Cornwall. 

The map not being of course adapted to the present 
state of the mines, nor even sufficiently exact in regard 
to their several localities at the time at which it was 
eompiled, to meet the public eye, its publication is laid 
aside for the present, not however without expectation 
of its being given in some future vplume of the Trans- 
actions, in the most accurate and satisfactory manner. 

Dot the ascertaining of the local and relative situations 
of mines, though of unquestionable interest to the geolo- 
gist, can only be regarded as a link in the chain of io- 
qniry. In order to render its value complete, it should 
be accompanied by a memoir, or rather a comprehensive 
history of each mine and of its connexion with those iror 
mediately contiguous to it on the same veins. But this 
could only be attained by years of unceasing and labo- 
rious inquiry on the spot. In thie counting-liouses of 
the most successful mines, the only information evev 
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rommiltcd to paper in regard to the workings of tl 
vdiin, are the expenditure and iucome, together wltflir^ 
xeefioii of the veia frnm which the prolit is reapeil, 
'Without a single notice in regard lo the traci of countrf 
through which it passes. Of the generality of uiisac- 
ressful mines, which form liy far the greater proiKM-lion, 
all that h registered is the \nas or ciperiditure j oIIict 
iiifovmation can only be obfained by a recourse lo fo- 
"sonal inquiries of the cnnduclors or cnplains. 

The following pages are principally intended lo*l« 
■hibil ail outline of general facts relative to the tettnot 
t'ornwall, arranged under separate heads. In drawing 
up this sketch, such advantage has been taken of wbat 
has already iK'cn published on the subject as seemtd 
fonsiEtent with the present object, carefully rejecting 
every thing doubtful, or hypothelical, and liaviog in 
constant view the advantage of corroborating erery it- 
sertioi), to the extent of my limited information, by* 
recourse to the peculiar circumstances of individual veini 
or mines. Though thus limited in its object and eitent, 
it will I trust be found bolh consistent with its intcndoB 
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of the notice of the geologist, 1 
arities ; — for when two or mor 
reia or veins, there is frequeoll]' k 



little els^ that is common to each ; and even in the same 
minC) situated beneath a few superiioial acres, there is 
•eften a strange Tariety in the dimension , contents, and 
direction of its veins, and in the country* through vhlck 
these mik 

Direction and Length of Veins. 

It has already been remarked that the regular or me- 
talliferous Teins generally take the direction of about 
«ast and west ; there are others both in the same an J 
in different directions, most of which are very rarely 
foand to produce any metallic substance ; the nature 
and peculiarities of which will be noticed hereafter* 
The regular veins are almost uniformly >of considerable 
length; some are known to extend two or three miles, 
llaTiDg several mines on their run ; and though the idea 
ef their extending the whole length of the county may 
be judged to be hypothetical, it ought to be noticed that 
the most experienced miner never satisfactorily witnessed 
the termination of a vein either on the east or west* 
Many circumstances of disaster, and more particularly 
that ef poterty, occur to prevent their extent from being 
known ; but that there arc instances of their appearing 
not to exceed a few fathoms in length, as ift the Herland 
mine. In reality however the veins of that mine did not 
tiermtnate abruptly, but continued both east and west^ 
to an unknown extent, in strings so very small, as to be* 

. • 1 have used the word Country in the sense in which it is> 
employed by the miner, and shall hereafter to use it, conceiving 
it ts be well adapted, if not better than any other I have been 
able to find, to <;onvey the intended idea. If a miner be driving- 
Ad adit north and south, or la any other direction than that of 
tha JUoadf hn ^e he it ^ driving through ^he cotmtry^**' 
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QuI]' juEt perceptible, and therefore not worth the 
teotiou of tlie miner, whose experience induces him 

i;vi: tiiat when a vein diverges in melalliferous striogl, 

ever small, they would, if pursued, be found olti* 
mately to increase in stKe, or to converge agaju, or to 
diverge to other veins, which are geneially fouJid to he, 

t were, increased in size and valoe lliereby. The 
east and west veins are sometimes found diverging^ from 
the straight line, and even when apparently uuaccora- 
panied hy any circumstance that might be assumed u 

cause, but they generally return and resume their 
customary direction. In Iluel Fanny, I think, Iho 
n suddnnly took a course to the south-east, in a few 
fathoms it was found to alter its course again, nearer 
; afterwards it ran about east, and then elboiring 
again, it resumed its usual direction, nearly if not quite 
in a straight line, But circujustaiiccs of ibis kind are 
by ao meajis common. h 

Underlie of Vefni. H 

With the exception of those alluvial deposites ofttil^ 
found in vallies and low grounds in many parts of tlie 
loty, aud in the Horkiug of which the tiu is separated 
from its accompanying earthy substances by nieans of 
passing a stream* of water over it, whence they haie 
been called stream works^ neither copper nor tin It 
found In Corowall in layers or beds. The veins, in 
which only they are found, have a downward direction, 
not perfectly perpendicular to the horiaon, but incli- 
ning more or less to the north or south : this incKnatina 
is called the vniter^e of the toad, which in some rein j 
does not eiceed a few inches in a fathom from (he pef- 
pendicul«r, but iu others i& a fathom ia >> (iub«a>y m 
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When two metalliferous veins underlie in opposite di- 
rections, that is, one north and the other south, and meet 
underground, the result is not always favourable to the- 
miner ; for even though they might have been rich when 
separate^ they generally are found to be poor at and. 
after their junction. Bnt when two loads undeitie.ia 
the same direction, and one of them quicker than the 
other, it is generally found that when the latter over-- 
takes the former, they seem mutually to enrich each 
other. 

Veins are not very frequently found to separate in the- 
downward direction, so as to make branches forming, 
distinct veins, having an opposite underlie.. Instances. 
oC this however occurred in Tin Croft Mine» 

Depth of VetnB, 

Not an instance, I believe, has occurred of a veii^ 
having been cut out in depth. When the working of a^ 
mine is relinquished, it is mostly either op account of its. 
poverty,, or the expense of sinking to a greater depth,, 
being to a larger amount than the product.. The mine. 
called Crenver and Oatfield is 200 fathoms deep ; Cook's 
Kitchen is 210 ; and Dolcoath 228 fathoms ; these are- 
th^ deepest mines in the county now at work.. 

Width of Veinf. 

The east and west, or metalliferous veins, are gene*' 
rallj from one to three feet ki width, but vary to 30* 
feet. In the old workings of Relistian mine for tin,, 
there are chasms both open to day* and underground^ 
fttU 30 feet wide» A vein from one to three feet la 

- * Ore ift said to be dicevered near the ^, when it lie» neac the^ 
turface.. 
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■width is prererred, heranse, though many in»<an»i n( 
the contrary hare occurred, it is found that the product 
is generally as good as in wider Teins, on account 

■e being, for (he most part, less admixture of fc 
sohstanccs with the ore. 

L rein sometimes raries in width In the 
very materially, and h often found to 
respect in going down. One of the loads in Huel Alfredt 

es from S to 24 feet: there Is a peculiarity in ill 
ilirectlon ii liicli is noticed in speaking of that description 
of irregular veins called Coiitres. As opposed howewr 
1o the width of that vein, those of Uerlaml and Dran- 
nackand Prince George mines, which arc separated frwa 
Unci Alfred only by a brook and a cross vein, may bc 
cited. Tliere, instead of continuous 
irregular width, they are remarkably small , most of tl 
vaiying only from two to six inches in the nidest 
which was about the middle, and gfiing away eitst 
west in mere strings. A tin Tcin in Whealaa 
mine, not three inches wide was very rltih, and foi 
be worth working. 

If in working on the cour<ie of a 
through the load, the country ii found to assume 
greater hardness in a very considerable decree, tho 
generally becomes narrower. 

Denominations of MetaUiJemis Fefm. 
The subslances whieh foim the contents of the 
liferons veins differ icry materially; nor are reins 
guished simply by the name of the ore for which (hey 
wroBghtj aa a Copper load, or a Tin load ; but they haw 

■f Sari HgniGea a Mine, according to llic Comish-Englitli V»- 
cabutarj of Borlaie. It Is commonlj, lliougli erroneously ip*llf 
V/htBL 
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obtajned Tarious appellations^ according to the nature of 
the substances found to predominate in them. For as 
the greater proportion of the contents of most of them^ 
is neither the ore 9f copper nor that of tin, the minei^ m^* 
speaking of them, gives them the appellation which ts 
technically descriptive of the rein -stones : — as a gos- 
. sany, sparry, mundicky, peachy, ducany, scovan, caply^ 
pryany, black jack, and a grouany load. 

Gossan is a friable ferruginous substance, consisting 
. generally of clay, or of some siliceous matter of a loose 
texture, coated or tinged with iron, in various propor- 
.tions, arising probably from the decomposition of pyrites ; 
it Taries in colour, from pale yellow to deep red^ 8oroe» 
times inclining to black. A gossany lode is more com* 
nion than any other, and most promising both for tia 
and copper. Gossan has been plentifully found at small 
depths in many mines that produced considerable quan- 
tities of one or the other metals, both beneath as well at 
mingled with it ; as of tin in Hucl Sparnon and Pednan* 
drae, and of copper in Huel Gorland, and in East and 
West Huel Virgin. 

When the load or contents of a vein are termed «porr^^ 
this does not imply that it is of solid spar or quartz, but 
that quartz predominates. A vein in which this substance 
is considerably compact is very unpromising ; and if at 
the same time the vein becomes narrower as it descends, 
it is generally .relinquished as a hopeless undertaking ;. 
which was the case in Iluel Gorland, as noticed in my 
Biemoir on the red oxide of copper.* A vein abound«« 
ing in fluate of lime is^ often termed a sparry, load* 
Quartz is sometimes called hard spar by the Coriiislv 
miner, and fluate of lime sugary spar. 

• Geological Transactions, voh i.. 
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If iron pyrites abound, the load h sajd to be mundkkg^ 
id when this occurs nt a shallow level, it is not alwujt 
tproinislng ; even if it continue in dqith, and be 
comewhat compact, particular! j' if mingled with (lortioni 
of yellow copper ore, there Hre many instaarea of such 
veiuB proving rich beneath. No diittinctlcMi in made by 
the miner between iron pyrites nud nraeuicul jiyrliei. 
The latter is however rarely very abundknt. 

A Tein that contains a great proportion of chlorite i> 
termed a peackt/ load; it promises for tin rather than 
copper, which is rarely arcompanied by chlorite. Tb 
was found in it, in Pedoandrae, Polgooih, Kelistiaih i 
iluel Unity, and ia many other mines. I have a| 
mens of the yellow copper ore ia chlorite from Kclist^ 
and from the Wherry ntioes, the working? of the lat 
of which were under the sea in Moants' Bay. 

A vein is eaid to he Jlucani/ when either one 
its sides, or walls, are lined with a whitish « 
clayey substance, or when this substance is inlergpei 
through the rein ilself, Flunn in some few 
has abounded so greatly, that it has been difllruttfl 
prevent its running in upon the miner in working the 
mine. This was the case in the early working of (lie 
productive copper mine called Huel Alfred, as is uoticnl 
in the annexed description of soTi>e of its veins. 

When fin ore is intimately mingled with quarts ud 
chlorite, the vein is termed a seovan ioiul, which is of a 
dark brown or of a greenish hue, but not very hard, at 
compact. A load of this description rarely exceeds II 
or 14 inches in width, bnt it sometimes occurs in a vein 
the contents of which are not solid, thence by the minco 
termed a sucked stone, A load so circumstanced i-HcAan 
■cveral feet wide. 
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A Teia is termed « oaj^^ load wKen consisting of a 
liard, compact and unpromising substance, which seems 
principally to be quartz intermixt >vith minute portions 
of chlorite, giving a greenish, or brownish green tinge to 
the mass. Tin is often found in it, copper rarely. But 
if A branch i^<ci^per ore, or « gossan be foond to take 
its course down the yeio, it commonly makes a durable 
copper mine. 

A vein is said to be a pr^^y lotid^ wheli the tin or 
eopper ore dees not occur in a compact state, but when 
the stones containing either of them are found mixed 
loosely with -other substances, such as gossan or Aucaq. 
Prif in the Cornish langdage signifies clay. 

A vein that abounds in blende is called a black jack 
loady which is generally unpromising fw tin, but is can* 
sidered a good omen for copper. It is rarely found that 
blende continues to any considerable depth. It is ^iso 
ealled mock-lead by miners. 

Grouau * is the common technical term for granite^ 
to that when a Tein abounds in that substance, either in 
■lasses or blocks, or in a decomposed state, it is called 
a graunny loady which is sarely found unless tn a granite 
country* Grouan is more promising for tin than for 
eo^fper ; though reius containing the latter have often of 
late been found in the granitic districts of Cornwall, of 
which the western part of West Huel Virgin, Cariiarack, 
and Huel ]!)amsel, all rich copper mines, are instances. 

It must be remarked that veins generally take their 
names from the substances which abound but a little 
way beneath the surface. But, the circumstances of 
Tcins change so often, and their contents frequently 

* Gfuan signifies gravel, in the Cornish language, JBTlase,^^ 
It seems therefore probable that Grouan, correctly speakiag, is 
decumpo«cd granite. 
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participate so largely of the n&ture of llie country they 
traverse, that the same appellation will not ofti-n hold 
for them in depth. A sati§rHctory trial of their nature 
and value can rarely be made, without sinking SO, 40, 
or evCD 60 fathoms below the sarface, and driving, tt 
various depths, cast and vest on the " course of IMV 
load." ^ 

Si/mptoms in Ferns, ^1 

Id the whole range of the employments of man, there 
is not perhaps another in which experience and ingenuity 
arc more often and completely battled than In mining. 
Not unfrequeutly tlie appearances in a vein, considered 
to be of the most promising kind, lead on the most expc* 
rienced miners during the lapse of many years, only to 
ultimate and immense loss; while on the other hai 
from the product of vcimt, which by men of not I 
experience have been declared to promise no advonlt 
large profits have been reaped. The great copper a 
cilled North Downs, in the working of whic 
sum than .£SO,000 was lost, may be considered asi 
insitance of the first, and Hiiel Alfred, from i 
greater sum ha.g been gained, is an instance of the sec^l 
There is scarcely one symptom on which the i 
relies that hiu not occasionally deceived bin 
he curious however to add some of the symptomtfll 
favour of which the miner is greatly prejudiced. Tho 
is no one more favourable in his estimaliou than •■ 
sany load. I remember that of North Towan Min 
of this description, and of so great promise, that si 
of the most experienced practical miners did not heiitA 
to declare it superior, i:i that respect, to any other thej 
bad seen; and that, If compelled to venture all tlir; 
^o§KBScd, in the working of any one vein, it »buuUi 
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be that of North Towanj but^ after much time and 
expense had beea bestowed in trynig it, it was found to 
be very poor, and was therefore abandoned. 

The early disco»ery of iron pyrites and portions of 
yellow copper ore mingled with a large quantity of blendi^ 
U considered a favorable omen for copper. Blende, as 
has already been noted, is by the miner called Black 
Jack; and ' Blackjack,' he says, * rides a proud horse,' 
ft phrase become proTerbial, from blende being often 
found to lie above, in a vein rich in copper beneath. 
Vast quantities of it were found nbore the ore in the 
productive copper mine Jliiel Towan, ai well as in that 
called North Beunar. The early discovery of lead is 
also considered a good symptom ; very many Ions of it 
were sold from lluel Alfred in the state of sulphuret 
and carbonate. Iron pyrites at a small depth is also 
considered a favorable symptom for copper in depth, as 
was [iroved among many others, in the rich min^t of 
Crenver and Huel Virgin ; butivhen it proves Bolid, it 
has often discouraged the miner and induced him to 
abandon the vein. The culling of a ' good course of 
^ater' is esteemed no unfavourable circumstance, epeci- 
ally if it be warm, and it is not uncommon to find water 
issuing from one part of a vein of a temperature sensibly 
higher than that in other parts of it. So greatly indeed 
does water abound in rich veins, that on estensive and 
deep mines are mostly seen two, three, and even four 
■team -engines, for the purpose of drawing it, the cylin- 
ders of which are from 30 to 6S inches in diameter. If a 
vein be particularly rich, it is considered to omen well 
for the parts of other veins immediately north and south 
of iti riches ; to express wiiieh the phrase of " ore against 
« been adopted. 
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It n'ould scarcely be correct to say that (be eiirly digf 
Coveryof tiu In a reiu, is a goMl promise for copper 11 
depth ; but it is eertkiiiily true that tin is frequently, U 
not mostly, found at a small depth io veins, afterwards 
proving rich in copper. Among many other instances of 
this that might be quoted, are the two deep and «- 
tensi-ve copper mines called Hiiel Unity and Cool's 
Kitchen, both of which were, I helicTe, worked for tiu 
Ut first, uithout any suspicion of their veins being rich 
in copper beueatli it. In both the tin was soou e\- 
liaustcd; but it should be noticed as au uncommon cJr- 
eumstance, that in the latter mine, after norking to iLe 
depth of 180 fathoms, first through tiu and afterwardi 
through copper, tin was found again, aud has continued 
down 10 the present depth of the mine, which is about 
*ilO fathoms ftom the surface. It ought however to be 
noticed that some parts of that portion of the load winch 
principally contained copper ore, had been left, on the 
presumption of Iheir not yielding ore of any sort ; in ihe 
phrase of the TOiner they were considered as deadi. 
Some of these have since beeen found to produce (in, 
which may consequently be said to have prevailed more 
or less from the surface io the boltom of the prcjem 
working. A considerable proportion, if not the chief 
part of the copper ore of this mine, was the sulphurct. 

Among the favorable symptoms lo which the miner Is 
attached there is still another, which ought not lo be 
forgotten. There are some among them credulous ennngh 
to believe thut tliey bear, while employed under groand, 
another pick at work, which is immediately referred to ■ 
the agency of an evil spirit, or what they term a pitld^^H 
or small man. This is esteemed an omeu of the ^i^H 
favorable kind, and which induces the full belief i^H 



OFCOHNWALL. 207 

hftviiig nearly arrired at the desired object, the dis- 
rovery of ' a good course of ore.' It seems as though 
the sound whith the miuer hears, may reasonably lie 
accouiitrd for liy preaumiiig him to be at work iu the 
immediate neighbourhood of a cavity, or as he terms if, 
a Toog, which returns the sound of the stiohe of his 
own pick. 

^m Discover?/ of reins. 

^^Krhf; discovery of metalliferous veins is effeclod in 
^^Slioos wa}S. Amongst the foremost of these, Prycq 
places that of tht; Virgula Ditiualona ; but, after a long 
account of the mode of cutting, tying and using the roil, 
interspersed with obBeryatioiis on (he great difference 
existing iu the discriminating faculties of constitutions 
and persons in itS" use, altogether rejects it, because 
' Cornwall is so plentifully stored with tin and copper 
lodes, that some accident every week discovers to us a 
fresh vein,' and because ' a grain of metal attracts tho 
rod a^ strongly as a pound,' for which reason < it has 
been found to dip equally to a poor as to a rich lode' 
These, it must be acknowledged, are substantial reasons 
for the neglect and disuse into which the rod has fallen. 
There are not however wanting even now, in Cornwall,, 
some who maintain the value of it. I am acquainted 
with OQC person who has repeatedly declared to me. that, 
while using it in his own shop in the town of Heilrnih, 
he discovered a vein wjiich has since formed a part of 
the workings of Pednandrae mine for tin. On tlic other 
liand, an intimate friend, well conversant with mining 
concerns, was present in Somersetshire with some noble- 
nen and geutlcmen, the proprietors of land iu that 
s2 



r 
I 



ofvCTlJ 

1 penaPJ 



■ounty, nniious for the dlseoTery and working of vi 
uppoeed to run through their estates, whet 
^ho professed the skilful use of the divining rod assured 
hem he conid effect their wish. During one of his 
iflempts, my friend, as though liy aeuident, took his 
station immediately facing the proTesBor of the rod, who 
udTancpd with the rod dipping as he declared to the run 
of a vein ; my friend retreated, and in his retreat made 
a circuit, which aa he had in some degree caught the 
nlteiition of the person holding tlie rod, was followed by 
him ; and Ihe pegs that were inserted in the placet his 
feet had touched proved the circuit he had made. If a 
Teiu actually ran in that direction, it is certainly wbnlly 
difierent from that of any known Tein. It is almost 
needless to add, that the discovery of the supposed reloi 
at indicated by the means of the diTining rod, wai not 
attempted. 

The ancient mode of shodittg for tin»»eini!, consisted 
fn tracing certain stones, of which tin formed a propor- 
tion considerable enough to excite attention, and found 
at or 3 liltle below the surface, to the »cin from which 
-they had Ijccn accidejitally detached, so as to have 
parsed in a sort of succeEsion down the liide of a hill. 
Another mode of seeking tin veins is by sinking piti 
through the soperin cum bent earth down to the soliii 
rock, and driving a trench from one to another, north 
and south, so as to meet with every vein in the tnrk 
through which it passed. This method, which is sltfl 
esteemed to be very old, is called cosfeening. 

The former of these methods for the discovery of tin 
veins is now rarely resorted to ; but the second, as well 
as another which differi not much from it, that of work- 
ing drifts acTDH the country from north to south^ it 



ON TUE VEINS OF COnSWXI.T- 200 

sDmetlmes practised. Many tracts of the milling part of 
Cornwall arc however so amply Blored willi Teins iii the 
ilirection of east and neat, that llierc is little occasion 
to employ eitiier of the above mentioned modes of dig- 
covery. There are con'paratively but few mines which 
are known to have within their boundary only a single 
\e\n ; in some there are 5, 6, or ercn 7, As the driving. 
of an adit home to a vein, is one of the first and most 
important tasks of the miner, he somclimcs embraces 
the opportunity of Bo doing from a ueighbuuring valley 
along a. cross course, or north and south vein, and for 
two reasons; the first, that the c):|)cnsc is less than if 
he were to drive through the solid country ; the second, 
that he has at least a good chance of meeting with all 
the veins between the extremity of the adit and the vein 
to which he intends to drive it. Yet of this he is not 
^together certain, for the cast and west vein is some- 
times so greatly disordered by the cross vein, as that it 
might wholly escape the notice of the miner; besides, 
cross veins often divide into branches, so that the miner 
runs the hazard of following the wrong branch, and 
thereby of miasing altogether the metalliferous vein. But 
^though the mode of discovering veins, by driving an 
adit along the run of a. cross course is at once the 
dieapest and most expeditious method, it is not always 
practised, as the foresight of the experienced miner 
(omelimes iudnces him rather to drive through the solid 
country than to hazard the chance of being obliged to 
draw the water of the country all around him, which he 
ts aware the cross vein would preveut from troubling 
him on one ^ide. 

Accident often occasions the discovery of veins. Th^t 
of the mine called Uuel Maggot, or Velenoweth ia tha 
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parish of Phillack, was first seen by workmen emplt 
Tn digging a trench for the foundation of a. gardi 
)h a valley. It there consisted of a rich gossan, 
in the phrase of the miner was vert/ kindlj/. On dri 
ititn the hill, a few fathoms on the ' coarse of the li 
it produced abundance of sulphat of lead In well defined 
rrysfals, sometimes accompanied by the sulphuret, and 
deposited on the gossan, and, a little deeper, 
e in considerable quantity. Both were how- 
exhausted, and the mine was abandoned. The 
jrse of an east and west vein may sometimes he 
the surface, by loose fragmeDts or portions of 
stony substances, having generally more or 
I ochreons tinge ; but this, which is called the 
* bryle of Ihe load,' has rarely a regular separation from 
the country on each side of it. But in sinking a few 
fathoms below the surface, it ossumei more determinat* 
marks of being a fissure. 
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The contents or load of the generality of 
all attached to their sides, are for the most part ei 
separateil. A dark ochreoua crust occasionally 
one or bolh sides of the Tein, technically called the 
uall» of ihe load; and w4ien these, or at leait one of 
them, 78 Tegular and determinable, they are more en- 
couraging to the miner than when rough and anevee. 
A thin coating of tlncan is found on one, or occasiAiiallf 
on the other wall, or sometiraea on both walls «f a 
metalliferous vein; but it is 'safd that this «oati>g or 
viiii of SiK-an ia most evmsonly {o«nd «H Iktt which, ia 
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regard to the underlie of the i 
upper vail. 

It has been already noticed, 
nominations of me(al1ifi:rous veil 
diTenily in their loads or coiiti 
rein exhibits eo little unirormity 
ferent depths, as to assume va 
the Burfttce the load consists for the most part of a sort 
of ochreous rubble, probably the debris of the neigh- 
bonring country ; beneath which, tliouigh rarely nearer 
grass than 30 or 30 fathoms, are found some metal- 
liferous indications. Thfse, if gossan be the preTalling 
mbatance, consist of the ores of tin or copper. But iron 
pyrites, blende, Itaate of lime, quartz, and sometimes 
chlorite, or Cucan, freqaently prevail fur many fathoms, 
occasionally raised with portions of the country throagh 
which the Tein passes, though fretiuently with but slight 
traces cither of tin or copper. A vein is sometimes 
found to consist of little else than a bed of liard and un- 
promising iron pyrites, which occasions its being aban- 
doned ; in others are found the ores of tin or copper^ 
sometimes both, intermingled with some, or eren most 
of the foregoing substances ; but if they occur together, 
the copper for the most part prevails to such an amount, 
aa that all traces of tin are lost In depth. In some veint 
however they continue to be found, even to a consider- 
able depth, thoDgh not often much intermingled, but in 
Mpantte bunches; this as has already been noted, was 
the case in -Cook's Kitchen Mine; the ncighboaruig 
niatf Tin Croft, also furnished a somewhat similar ia> 
stance, though not i believe in Hie same vein ; but thcM 
Bi«Mt be considered as somewhat rare occurrence*. 
Tin is cotnmonly found much nearer the Busfaco thfta 
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copper. When either is very near, especially if abo^ 
tlant, i[ is in (he estimation of tiie miiii^r an iiidicatif 
that it wiir not continue to a, TOry conaidernble deptlh 
which Cornwall furnishes uuincroua instauces. Thcrd 
a Iract of comitry situute about midway belwe 
and Redruth on the north of the high road, in mMfe|| 
the mines of which, and amongst them the great n 
called North Downs, the ore for the most pai-t o 
near the surface, and was almost unifonnly foundtd 
extend but to a small comparatire depth. 

Although there are veins in various parts of the cat 
try which linve yielded copper in its pure state i 
siderabte abundance, in ma-sses inteispcrseil throiri 
them, and but liitle intermingled with other substondll 
or even with the ores of copper, yet the most cnniiiv 
state in which this taetal is found is that called yellow 
copper ore. It is more continuous and lasting than any 
other. There are veins which yield only the grey sul- 
phuret, but this rarely or never continues, being fooad 
only in bunches. It is sometimes mingled with the 
yellow ore. As a proof of the great ditfereoce in (he 
value of the ores of veins, it may be noticed that theMI 
are many which seldom yield it of a greater price tll^H 
£4 or jB5 per ton. A few tons were lately sold fn^l 
the United Mines at jfilOO, The general average pciw 
haps does not exceed about j£7 10s. or ^8 per Ion. 

In few metalliferous veins does the ore prove so cop* 
tinuons, as, after it has been taken away, to leave a la^ 
hollow vein. The intermediate spaces between the ore 
are mostly filled with what the miner terms deads, whicb 
consist of quartz, flnor, gossan, iron pyrites and other 
substances, as well as occasionally portions of the coun- 
try through wkich th« vein runs;. but the witlls oflto 
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vein are neterthelcss generally determinable. The deads 
are not always a, disadvantage to the miner, as tliey serve 
to keep apart the country on ettlier side the vein; but 
for this purpose, wlien the vein has been left holloir by 
taking avay a large body cf ore, strong timbers are 
made uae of; these are not however always found to be 
of strength tiu£Gcient to prevent the falling in of the 
cavity. Aa instance of this occurred in the copper 
mine called Huel Alfre<l, one of the teins of which was 
hollowed out for about 100 fathoms in depth, 80 fathomi 
in length at bottom, and 30 fathoms above, and varying 
ia width from to 24 feet. Notwithslaiiditig great la- 
bour, skill and expense had been bestowed, and the 
most substantial timber employed in order to keep apart 
the wall of the veiu, many thousands iif tons came down 
in an instant; fortunately seventeen men, wlio had been 
vorking in the very place ou which the whole fell, had 
left it half an hour before the accident. The whole has 
been supported, and they arc now working beneath it. 

It has sometimes happened that in a large vein, and 
where it is largest, the miner has suddenly arrived at a 
piece of dead ground in the middle of it, which in deptti 
spreads wider, so as to occupy nearly the whole of the 
*ein, leaving on each side only a small connecting string 
of ore. This has been known to extend many fathoms 
in length and depth, and from Its being narrow above 
and widening below, it has obtained from the miner the 
name of a horse. The phrase on meeting with it ii, 
* the load has taken horse.' 

The riches of a mine have in many instances proycd 
the cause of great speculation, and consequent disap- 
pointment to those concerned in the mines immediately 
intiguous east and west, and on the uma vein or veitis. 
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This has been but foo unfortHHately verified 
stance of East Towan Mine, whicli joins Huel Towl 
on the east ^ iti the latter, which lias, during the last l| 
or 12 years, from one targe and unnsually coiitim 
buBch of yellow copper ore (the discorery of wliich 
the result of a. search of at least 30 years at a g 
expense) yielded a yery large profit. There were 
fathoms of good ore-ground in the Yein at about 
fathoms under the adit, which adit is 44 fathoms ! 
the surface, or iti the technical language of the mi 
from grass. The bunch of copper ore continued to 
depth from near the adil level, and as iu length it «J 
tended east lowaids East Towan Mine, eaLpectatioii) 
were raised that the load, in passing through that mine, 
would prove equally rich. Great speculation and ex- 
pense of course ensued ; but in vjin. For it was found 
that in seveial of the levels in Iluel Towan, the ore 
ceased within a very few fathoms of East Towan Mine, 
and in some places as suddenly as if it had been cut 
away by a halchef . This was not the effect of a cross 
vein, but purely one of those accideiitiil 
to which copper loads are very liable. T 
Towan is of a remarkably bright jcUow, 
pretty compact, but not hard. 



Adits. 
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When it has been determined to try el 
fir^t objects of Ihc miner is to bring home an adit (o iL 
An adit is a water couisc, or rather an underground pas- 
sage, about G feet high and 3^ wide^ and is begun at llie 
bottom of a neighbouring valley and diitcn up to ihe 
^ein^ foi' Uic purpose of draining it of ivator above lluk 
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{>oint of contact. In the event also of the mine having 
a steam engine upon it to raise the water from a still 
greater depth , it is not raised by the engine to the sur- 
face, but delivered into the adit. The general level of 
the mining-countrj east and west of Redruth is, accord- 
ing to Dr. Berger, from 350 to 450 feet above that of 
the sea, except where the granite overtops the schist, as 
in the instances of Carn-brae, Carn-math, and some few 
other hills, the summits of which are at a considerably 
greater elevation. This general level of the country is 
intersected by frequent vallies, which afford great ad- 
vantages for the formation of adits, and consequently 
for the carrying away of the water from the mines. One 
adit frequently serves this purpose, for two, three, or 
more mines. Pryce, who published his work, entitled 
Mineralogia Comubiensis, about 30 years ago, says p- 
148, ' Though we seldom see an adit half a mile ia 
length, there are two or three of three times that length, 
these are the longest that I know of.' But since his 
time, one has been driven through a considerable tract 
of country at the lowest possible depth, as its mouth or 
extremity is nearly on a level with the water in one of 
the creeks of Falmouth harbour, into which it empties ; 
and being below all other adits in that neighbourhood, 
it is called the deep adit. It does not run in one course, 
either direct or circuitous, the whole of its wayj but 
taking into calculation its various branchings in and 
through the numerous mines (those of Gwennap) which 
it relieves of their water, it may be said to be about 24 
miles in length. 

Taking into consideration the purpose of an adit, it 
might be presumed that it is wrought on an inclined 
plane from the place at which it joins the vein to the cx- 
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tremity in the jailey. This may perhaps be (he caie 
with some, but the practice i.s not aoifonn. By making 
them on an inclined plane, a freer current would be 
given (o the water, yet much of their benelit would be 
lost, even although their declination were not to exceed 
one inch in a fathom. For, in supposing this plan lo 
have been purened in the driving of the deep adit aboTc 
meutioDed, >fhich, from Us extremity to North Downi 
■nine, is about four miles or 3520 fathoms long, 
be obvious that if a declination of one Inch ii 
be allowed, the elevation of the adit at North I 
mine would be about 300 feet above its extrenuty ; I 
elevation nearly if uot quite equal to that of the surface 
ef the mine, Jf therefore in the driiing of an adit an}' 
allowance be made for the current of water if may be 
presumed that the interest of the miner will induce hin 
to make it as small as possible. 

Country. I 

Veins containing copper, as well as those contaiutiiK 
tin, are found both in granite and in schist, though until 
within the last 50 years, it was esteemed in Cornwall a 
hopeless expectation to find a vein containing copper iu 
the former of these rocks. Experience has however in 
many instances, in the parishes of Redruth and Gwen- 
nap, as well as in some others, proved that veins of cop- 
per ore are found in granite. In both of those parishes 
granite and schist have in some nriiies been found lu 
alternate ; this alternation has not, as I conceive arisen 
from their stratification, but from the casual une 
of the first being supplied by a deposition of the 
Jt kas; 1 believe, been but rarely cotieed that the ci 
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of K *eui bts been along their junction ; but some in- 
■tance* of (his Iultc certainly occurred ; anil I was iu- 
formcd by Capt. William Davey of Redruth, one of tlie 
most skilful and intelligent practical Diiuers of t<he pre> 
sent day, and who wu the tirincipal manager uf llnel 
Gorland mine, that fur some fathoms both in length and 
depth, one wall of one of its vrins w^s of granite aud the 
other of schist ; another inslance occurred in Tin Croft 
mine. 

The alteriuitiona in the country from schist to graotte 
and bock agaiu to Echist, are very frequent in some of 
the mining districts of Cornwall, so that it is impossible 
in a word to say in whkh some of the nines are situated) 
but I suspect this to he principally the case with those 
mines that are at the foot, or in the immediate neigh- 
bourhood of granite hills. J have not noticed any in- 
stances of the junction of these two substances in which 
the granite has not shewn a tendency to decomposition : 
it is somi^times separated from the schist by a slight fer- 
ruginous seam. 

It will of course be understood that great Tariations 
in the texture and hardness both of granite and schist 
are observable. Of the former there seems every pos- 
sible din'erence in hardness .between the decomposed 
granite of Tol-Carn mine, which, as well as that of seve- 
ral others, it was impossible to keep apart without lining 
the adit or tlie lerel with boards close lo each otjier, both 
above and on each side, and the compact and finegrained 
granite, of which quariz forms a principal ingredient, 
and which in hardness is almost equal to poqihyry. Of 
the great dilferance in the hardness of schiit, I shall 
notice one.in^lante in Hud Alfred; in the sinking of 
that miue, not much exceeding the distance 
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of 50 fathoms from each other, the pay to the miuer 4 
it) one instance £b5 per fathom, but in the other oi 
£s. 

These froqaent lariations in the conntry thro 
which the miner is undT the necessity of passing in ij 
usual course of his orcupntion in the sinking of sh^ 
and driving of levels and adits, often proTe the occasioni 
of great hindrance and ici'. There is a narrow channel 
of a rcmaikably fine grained substance consisting of a 
pact felspar and chlorite, running iu the direction of flj 
aud west, a little nnrlh-west of ftedrutli, which is so d 
L-eedingly hard as to liavc obtained Ihc technical nn 
of Ire-stone or Iron-stone. It was met with h 
an adit towards a mine, the Old Poo!, I heliev 
has often been told me, that it was so remarkably c 
pact ill one place, as immediately to turn the point or 
edge of every tool, so that it was found impossible W 
drive a hole deep enough to employ (he blast by g 
powder : the miner was compelled little by little ti 
through that part of it, in doing which (he seat- 
was not once moved forward duiiiig the space of twi 

The schist of Cornwall varies much in colour as 4 
as in hardness. It passes from lightish grey through! 
shades of slate colour to that inclining to a reddish b 
which is considered to be promising as to the nccurre 
of tin. But that which ie esteemed the most kindly bJ 
for copper and lin, as well as the least expensive inl 
working, is of a light grey colour iocliniug to cMj 
This kind of schist is easily broken, and may be t 
without much support, and is therefore what the wiMf 
teims /eaiible ground, but it often passes in depth Inlu 
a far raore compact kind, of a dark colour, mcliiiii^ to 
bloe. 
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Crossy or North and South Veins* . 

It has already been noticed that there are veins in 
Cornwall, which as they are found almost uniformly to 
traverse the east and west, or metalliferous veins,* in ^ 
the direction nearly of north and south, are technically 
termed Cross Courses. They rarely produce copper or 
tin, or any other metallic substance. They vary from 
half an inch to a few feet in width : the underlie of some 
IS east, of others west ; others again have no perceptible 
tinderlie, but are nearly perpendicular to the horizon. 

In some tracts of the mining country they are of very 
frequent occurrence. ♦ 

Cross Courses, or north and south veins, may be sab* 
divided into, 1st, a Quartzose vein, to which the general 
term of Cross Course has been given — ^2nd, a vein c(m- 
taining a soft marly or clayey substance of a bluish or 
whitish appearance, called a Flucan; and 3d, a vein 
containing a substance of an ochreous and friable nature 
and of a yellow colour, called by the miner a Cross GoS" 
Mm. Every cross course or cross gossan is however ac« 
companied by a flucan. In speaking of these veins, the ^ 
miner sometimes 'gives them their technical appellations, 
but he is more habitually disposed, whatever the sub- 
stances of these veins may be, to call them by the fami- 
liar name of cross courses. 

The principal advantage derived from the north and 
south veins is, that, when their substance is flucan, or 
even when a continuous vein of flucan, however thin, 

* A rare exception (the only one I am acquainted with) ha« 
been found in the mine called Huel Alfred ; a description of tome 
of itf veins is annexed. 
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Brrompanies the quarf z or gossan, they prcTeiit the 
or the neighbouring country from troubling amine 
thf'y are Bometimes left to perform that useful office, tfj 
*a» the case between Iluel Sparoon and Ewt HiMl,j 
Sparnoii, ucat Redruth. But their disadvantage 
; for although the regular metalliferous 
lallj found to be but little or not at aU 
turbed by the passiiis of ihe substance of the cross 
through them, fxcept by the mere division of the It 
it more often happens lliat it is, a» it were, broki 
siTiaU Btringa or braiicho. By a careful eumiudtit 
the nature and direction of these, the miner ia iui 
sometimes enabled to find prelly readily that part of ihr 
load which is on the other side of the cross vein, but lie 
is often baffled. Instances have occurred in which the 
load has, m it were, been (urned by the crosi vein, k u 
to form what tiie miners term an elboa. 

Not only does the substance, whateter it may be, of 
the cross vein, almost uniformly pa^s through that otdit 
metalliferous vein, but it it often found so to interrupt 
its course, a!<, in the phrase of the miner, to heave that 
part of the vein, east or west of it, a few inches, or erea 
uiaiiy fathoms north or south : and as the melatlifcrous 
vein is frequently found to be poor on one side of thd 
cross vein, though rich on the other, ils occurrence soae* 
times not only baffles the sliill of the most eiperienced 
miners, but also causes moch loss and vexation, as wu 
the case in the mines called Tol Carn, Huel Jewel, 
Iluel Damsel. 

Though the cross courses, or north and south veil 
are nrely found to be metalliferous, or even to yield any 
of the ore of the ea^t and west vdns ihroogh which thej 



wu 



cm THS VEINS OF CORMWAIX. 931 

past, a general exception was found to exist in those of 
the great tin mine near St. Austle, called Polgooth, ia 
which, I belieye, they uniyersally produced tin. Two 
of the cross veins in Herland and Drannack mines yielded 
silTor — one of them very sparingly, in the other it was 
accompanied by other metallic substances : the quantity 
of silrer amounted in value to 8 or £9000. Pryce says* 
that cobalt has been found in veins of this description, 
that others have been worked for lead, and + that the 
direction of antimonial veins is mostly north and south, 
but that he had not known ^ any producing that mineral 
of more thi^n fourteen fathoms deep.' The mine called 
Huel Boys, which formerly produced the triple sulphu- 
ret, is now worked for antimony, which occurs in bunches 
of various dimensions in a vein, the direction of which is 
nearly north and south, and of about' five feet in width. 
The antimony is accompanied by blende only, and is not 
now often found in a state of crystallization. The 
country through which the vein runs is schist. 

Slide. 

Veins, not of a metalliferous kind, but which contain 
gossan,* or flucan, are sometimes found running north 
and south, and having an east or west Underlie, which 
generally is very quick. Veins of this description are 
also found in the direction of the metalliferous or east 
and west veins, having an underlie north or south. But . 
whether their direction be east or west, or north and 
south, and whatever their underlie, they are frequently 
the cause of much expense and vexation to the miner. 
When the underlie of this species of vein is in the same 

* Min. Cornub. p. SO, \ Ibid. p. 50.^ 
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direction as that of the metalliferous vein, bat quicker^ 
so as to overtake it in depth, the latter is generally di« 
Tided by the former, and, as it were, removed from its 
regular course. The load of the metalliferous vein is 
also sometimes altered in respect to its value, above or 
below its section, and the space between a and 6, as it 
regards the load, is as it were lost. 

North Sf South Section, 
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Slide. Metalliferous Fein, 

This kind of vein, from its direction, has obtained tlie 
name of Slide^ and the phrase is, ^ the load is cut out by 
a slide ;' its flucan or gossan, generally traverses that of 
the north and south, as well as the east and west veins. 

Heave, 

Bat when the underlie of this species of vein is in 
opposition to that of the metalliferous vein, the effect of 
it is immediately the reverse of that of the slide^ and is 
called the heave. Pryce has noticed a remarkable in- 
stance of this which occurred in the Goon Laz and the 
Pink tin' mines^ in the parish of St. Ajgnes. The tin 



load underbid north^ the gossan vein south. At 62 
fathoms in depth, it separated the tin load, heaving the 
dther part of it up 22 fathoms in perpendicular height^ 
and 19 fathoms horizontally north. Another gossan vein 
afterwards cut the tin load, heaTing it up also. The 
tin load then resumed its course, until another gossan 
Tein separated it, again "heaying it up.* 

It will be understood that the effect of the heare is that 
of affording a greater portion of the tin load at a giren 
depth from the surface, than would hare been the case 
had the ye in pursued its regular downward direction* 
But this is not always a compensation to the miner; 
for the Texation and expense accruing to him in search* 
hig for the tin vein, generally exceed any advantage t6 
be gained by the heare. It was, I beliere, principally 
the effect of a heare that baffled the skill and experiisnce 
of'the most eminent practical miners in Huel Peerer ] id 
which mine they were, during about 40 years, in search 
of the load, and which was at length discovered. Per- 
haps the history of that mine, and of the long and 
texatious search, occasioned by the loss of the vein^ 
would pr6re the most satisfactory evidence that can be 
obtained of the strange phenomena occasioned by the 
heave ; and I have the satisfaction of knowing that it is 
the intention of a gentleman, who has nearly completed 
an account of it, to present it to the Geological So« 
cie ty. J 

* See Plate 2d, of my * Outlines of Mineralogy/ 3cc. eihibiting 
a Section of the Pink Mine; which also forms fig. 7* of plate 7. 
to the 2d vol. of Trans, of the Geological Society. 

I It has since been printed in the 4th volume of the Geological 
Transactiond. 



fM ON TBE ITEIKS OF eOKnVTKLh. 

In describing that effect prodnced by tbe interraptioB 
of one vein by another, called the heave, it ought to be 
noticed that a copper vein going down with 'a quicker 
underlie than a tin vein, always passes through it, and 
sometimes interrupts its regular course. And if the iin« 
derlie of the copper vein be south, and that of the tin 
vein north, or vice versa, the copper vein continues its 
course, but interrupts that of the tin vein, heaving it 
out of its first direction ; and although Pryce has merely 
given the appellation of ' Gossan' to those veins that 
heaved the tin veins, as just noticed, it seems to be pro- 
bable that these ' Gossans' were veins containing cop* 
per, which is repdered the more so, as the term ^ Gossaa' 
is frequently given to a copper tein, merely from its 
being the prevailing substance. The heave of tin by a 
copper vein was, I believe, one of the remarkable aod 
complicated disasters which befel the veins in Hvel^ 
Peever. 

Feeder* 

A small metalliferous vein or string is sometimes 
found to take the same course as the east and west vein. 

North Sf South Section* 



Mei4Uiferous Vein* Feeder* 
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When its underlie is so much quicker than that of the 
latter^ as to overtake it in going down, the metalliferous 
Tein is generally found to increase in size, not merely in 
the proportion of the addition of the lesser reirt, but 
very much more, so as to make a great body of ore^ 
called by the miner a gulph of ere at their junction* 
This species of rein is therefore termed a Feeder* 

Leader* 

While working on the course of a load, small metal« 
Uferous branches or strings are occasionally obierred to 
strike into the rein from the north or south, which^ it 
seems probable, hayo before diverged from the same^ or 
-some neighbouring vein. It is not certain that copper 
▼eins are equally subject to this circumstance as are 
those of tin. In Polgooth and Carnmeal tin mines, their 
effect was the sudden enlargement of the load to what is 
termed a floor oftin^ twelve feet or mdre in breadth, but 
without the determinate walls usually observable in 
regular veins. 

North 8f South Section. 



Leader Tin Vein Leader 




Tin Vein 



A floor of tin rarely continues for any considerable 
length or depth, and the load is generally soon found to 



I 



resume its usual size aHd appearance. From tlie coni- 
mon effect of this kind of branch or string, it if geaerall/ 
knowD by tlie term leader. ^_ 

The Conlre. ^| 

There occurs still aiiotlicr Species of Tein, of whM^ 
tKe course or direction is generally about north-east and 
Boutb-wesl, and which therefore is oblique in respect to 
all other Teins ; from this circumstance 1 presume it to 
have obtained the name of Conlre or Gaunter, fhem 
Teins are mostly, if not always, metalliferous ; spheral in- 
stances have ocrurred of their being remarkably rich. 
Au instance will be noticed in the annexed dfiscriptinn 
of Huel Alfred mine^ iu which the contre was very pro- 
ductive of copper ore. A similar vein occurred 
Herland mine. 

It may here be noticed, that in the former of 
mines, the regular or east and west vein was disti 
by the contre, and for some distance totally disappeared 
on the west. In the latter, both the load of the regulu 
vein and that of the contre were enlarged, and became 
more productive by uniting. 

Ehan, 
Elsan is one of the three grand distinctions mada 
in regard to rocks by the Coinish miner. Whatever is 
not grouan (granite) or killas (schist), is of course «ilk 
him, elvan. So that, in fact, it is extremely difficult to 
say what it is, or even what it is not, with the enceptiiMi 
of granite and schist. The substance to which it is niMl 
commonly applied occurs frequently in Cornwall, not M 
forming tracts of country, but interposed betweeen the 
schist, in what is termed by the miner a channeL 1 
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know of DO instance of its thus occurring in granite. 
The situation of these channels is not horizontal : they 
generally dip at yarious angles with the horizon, and in 
various directions. The colour of eWan is bluish'grey^ 
or yellowish. It does not always disturb the contents 
of the metalliferous vein, which generally continues 
through it, though «the load is mostly narrower than 
when in the schist ; but it sometimes has the effect of 
diyiding it into small branches. 



In the preceding pages I have aimed at giving a mere 
general outline offacts^ which, considering the imperfect 
state of geology, seems to be rendering better service to 
science than could be derived froni a feeble attempt to 
raise upon their basis any theory explanatory of their 
occurrence. Nor indeed is the knowledge of insulated 
facts sufficient to authorize such an attempt on this 
important and difficult subject, comprehending ope- 
rations on so grand a scale, of a date so remote, and 
throughout a country so greatly diversified. Before such 
an explanation can be satisfactorily accomplished, we 
have much to explore and to learn. The task seems to 
require a combination of talent and of information, which 
but rarely exists. But that a faithful detail of mining 
facts may contribute to assist the geologist in his in- 
quiries, can no more be doubted, thau that the science 
of mineralogy is absolutely essential to assist him in his 
researches. 

It is to be regretted that the practical miner, in every 
part of England, is almost wholly ignorant of the prin- 
ciples and facts of mineralogy and geology. Even the 
conductors of the mines, termed captains, are men gene« 
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n.\\j of little or no education, who have risen to that 
Btatlon by a superior atteiitioa lo Iheir art, in which 
they have been incessantly occu|ited from the early age 
of iivc or six years. A century ago among the mineri ot 
Cornwall, wliatever was not tin wus lieedlcssly thrown 
aside; and within tliat perioil, nn the discovery of co[>- 
per ore beneath the tin, it was nn untommon ob<er- 
Tatioii, that the ' arc riune in and spoilt it.' Jt is aii 
undoubted fact that many roadH~in the county Wt^ 
mended wilh copper ore. The discovery of the naUl 
silver in Uerland mine would have passed nunotit 
but for the vlhrations of some capillary portions h&Tt*| 
accidentally attracted the notice of a workman ; und it 
is confidently believed that mnch of that precious mCUl 
has been thrown away on the neglected heaps of llol 
mine. Even now, whatever is not manifestly tin ff 
copper, or ^s not suspected of yieldiug those metals, i! 
paid little attention to ; and the practical miner sees W 
Talue in the inquiry into the run of veins, the nature ct 
the country they traverse, their contents, or uniformity, 
fartiier than relates in his own eelimation to the innne* 
diate benefit of his occupation ; and he smiles at tbe 
nice discriminations of the mineralogist. If an Inquiry 
into the phenomena of veins be made of him, he referit 
by one short cut, to the universal deluge. 

The total ignorance of almost every thing relating In 
the scicTices of geology and mineralogy, and above all uf 
chemistry, in the conductors of mines, and their agcntl, 
is not only matter of regret, but il can scarcely ba 
doubted, '» also the cause of much loi>9 to the adrea- 
turers in mines, to the lords of the soil, and to the buy- 
ers of the ore. If a spirit of inquiry had existed, Hbich 
tome knowledge of these sciences could uot have failed 
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to prodttce, much cobalt would not hare been tkrOwa 
away on the heaps of Dolcoath and aome other mines^ 
nor would bismuth in Hubl Sparnon have been mistaken 
for cobalt, nor would the roads have been mended with 
>£opper ore^ nor would the ponderous ore^ which con« 
tained silver In Herland mine, have been left to tho 
chance that discovered its value, nor would many miner^^ 
in opposition to all the known principles and properties 
of mineral bodies, believe, even to this day, in the re* 
generation of mej^ls%^ While in France, and in Ger« 
many^ there are national institutions for the educatiou 
of those intended to conduct the working of mines, ia 
the three important branches of science before alluded 
to, and which are so intimately connected with their 
occupation, in this country all is left to accident, snd 
the rich gifts which nature has bestowed upon us, aro 
consequently often neglected, or laTishly thrown away. 

The ores of copper, as sold at the mine, though some 
of them are richer, do not in most instances contain 
moret than one-twelfth of copper, frequently not one- 
fifteenth, some of them not one -twentieth. The accom* 
panying substances are a heterogeneous mixture of earths 
suQd metals, amongst which arseniates of various kinds 
often bear a considerable proportion. It needs not to 

♦ *• Whether tin doth grow again, and fill up places which have 
bfcn formerly wrought awaf , or whether it only scparateth itself 
from the consumed offal, hath been much controverted, and is 
not to this day decided." And ** whether— i^iead lodes — that have 
not one grain of tin in them — ipsiy not hereafcer be impregnated, 
nptured, and prove a future supply to the country, when the 
present lodes are exhausted, I think well deserves pur highest 
coubidcration*** Notes to Carcw's Survey of Cornwall^ edit. 1^81 1 , 
by Tonkin, edited by Lord de Dunstanville. It must be confessed 
that these inquiries still prevail amongst practical miners. 

u 
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be insisted upon that much attention ought to be gH^^| 
lo free copper fiom arsenic, which is so Tery liable |M| 
render it brittle. When a pound or two of the ore U 
giren to the sample-trier, as a fair sample of 50 or 100 
tons, his report is but too often grounded on the wpight 
of the prill he lias obtained from a given quantity of the 
ore, withoot reference to the snbBtanccs with which it 
may ire alloyed, which indeed his skin does not eutble 
him to detect. When the ore is tafeen from ihc mine, it 
h for the most part deposited, not that of each mine 
separately, but mixed with that of many others, without 
regard to the great difference that must of course exist 
in the ore of veins, circumstanced so Tariously as are 
those of Cornwall.* Aii6 strange as it may seem, it is 

■ notwithstanding trne, that even the interest of the buyer 
seldom tempts him fo sweire from the hacknicd practice 
of his predecessors, in making purchases to an cnonnoin 
amount on the reports of those whose still only extca 
to tjic extracting of the heaviest prill, without possesd 
a knowledge of chemistry sofficient to enable ihem ■ 

■ discover of what it is compounded. 
Enough has been said in the preceding pages of tl 
uncertainties attending the puismt of the miner, 
amount to evidence that skill and ingenuity a 
exerted in vain: — all they can do is lo deten 
and put in practice the speediest and most | 

» methods ef ascertainiDg the value of a vein, atjQ 
■ In rei^y to thia obnervaticm, il hi9 liecn snid tlul 
■eme mines arc found to finiell more EaiiW when n 
those ef CPTtRin atlwr irilnfs, ihan alone. Thii will act (■ 
he doubled. All tliai is nnw conlended a^aiatt is, tbt « 
practice of tniiiiig iadiscriniinalely OfM ef COpptT of • 
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nsnt ^Vhea assisted by Uic best experience, ihey 
nUeHy unable to form a conjecture, grounded on 
reiuonablc cerluiDty, that the great cxpeuses nttciidiug 
Ihe trial of a vein will be repard. If indeed the reTcrae 
of this were the case, there would not be, aadiem now 
are, so many skilful capUins of mines who iiave lost 
Dioney by their adventures. If experience avails so 
little, theory cannot be expected to avail any thing ; 
aiid it may fairly be doubted whether all tliat sciencs 
could bestow on the practical miner, would, in Ibli 
branch of his occupation, be found to be of the slightest 
advantage. 

The habits of the miner are those of industry and per- 
sereraiice, which often tempt him to exploits that excite 
astonishment at his venturous hardihood. The verj 
idea of a descent beneath the surface of the earth hai 
BOinelhing in it of the terrible, al which those shudder 
wbo are unacquainted with praclical mining. But suck 
b the force of habit, that rarely does any other employ- 
ment tempt a miner to forsake his own. The occasioual 
fetils of big occupation are scarcely noticed, or if no- 
ticed are soon forgollon. He walks, often in the middle 
«f the night, and in all weathers, two or three or more 
niiles to the mine, uiidresscg, and puta on hii under- 
ground clolhcB, and with bis tools slung over his shoulder, 
detcendi by ladders a depth of 1000 or 1200 feet, ai- 
■Kted by the light of a small candle, and works in the 
bottom of the mine six or eight hours, amidvt the n<iis9 
of the working of the pumps in drawing the water, with 
u much alacrity, and with as litlle eonse of danger, as 
lie would feel amidst his ordinary occupations above 
ground. We should be inclined to feel pity for the 
vretch who, as hq atonement for his crimes, should bs 
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fompdiod to undergo wliat the Comish miner vofun- 
taiily undertakes for a small pittance, and that even of 
in uncertain amount, ' The mine of IIucl Cock, in the 
parish of St. Just, is wrought eighty fathoms in letigtb 
ondcr the soa, heloiv low water mnrk ; and the sea in 
j-ome places is but three fathoms over the back of the 
workings, Insoiniidi l)iat the tinners □□denteath hear 
the break, ilux, ebb, and reflm of every n ate, which, 
vpon the beach overhead, may be- said to have had tlie 
run of the Atlantic ocean for many hundred tea^pies; 
and consequently are amazingly pen eiful and boisterous. 
They also hear tlie rumbling noise of every nodule and 
fragment of rock, which are continually rolling upon the 
submarine stratum; which allrgcthcr make a kind of 
thundering roar that would surprise and fearfully engage 
the attention of the curious stranger. Add to this, that 
Be»eral parts of the load which were richer Ihan others, 
have bceu very indiscreetly hulked aud worked within 
four feet of the sea ; whereby in violent stormy weather 
the noise overhead has been so iremendons that the 
workmen have many times deserted their labour, under 
the greatest fear lest the sea might break in upon them.' 
The account of Hue! Cock above cited, is extracted 
from the Mincralogia Cornuliiensis of Pryce, page JI. 
Z have made some use of the mining information con> 
tained in that work, which, though it is often confused, 
and sometimes scarcely intelligible, is, ap^rt from itf 
reasonings and its philosophy, a valuable production. 1 
have not thought it necessary to acknowledge my obli- 
gations to it in every particular instance; 
other hand, have I been willing to quote its authvitt 
without verifying it by an appeal to some of my M 
RKrous friends among practical miners. 
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As an appendix, it seemed to me tliat some account 
of the veins of certain mines, remarkalilc either for their 
peculiarities or some striking geological fact, might 
therefore be an acceptable additiun to the geologist, as 
well as in corroliorittion of what has preceded. I have 
however to express my legret that these relations are 
imperfect, inasmuch as little is mid on the subject of the 
oounltiefin which these mines lie. For as the infor- 
mation on that head could only be obtained from the 
practical miner; mid as he notices the country merely 
as respects tliu ease or dilliculfy with which his ope- 
rations are eiirried forward, or at most no further than 
regards his three grand distinctions of grouan, killas, 
and elran, little or nothing satisfactory could be ob- 
tained, on that important part of their history. 

Ground I'lan ef some of the Veim in the Copper Mitur 
called Iluel Alfred. 
This mine is situated on a schistose hill, in the parish 
of Phillack, about three miles south-east of Hayle Cop- 
per-house, It had beeu worked previously to the year 
1800, but was abandoned principally on aci'ount of the 
SQrronnding country having fallen in, and filled up or 
destrojed the only shaft that had been sunk. This eir- 
cnmstaiice was, most probably, the cause to which th& 
successful working of the mine may be attributed. For^ 
being compelled to sink another shaft, it so happened 
that the chosen spot wds immediately abofe a vast body 
of ore which has nerer failed since its discovery, lint 
as copper ore had been left at the bottom of the shaft 
that had fallen in, a level was caiiied ta that place ; it 
was howeier fannd to ba a mere bandir which dicum*- 
aUncc, U b most probable would faave deterred tlie 
«3. 
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miner from an effectual search after tHe great ric 
pitched upon b^ EJiiking the new shaft about 100 fathi 
nest of the fomier one. 

Nolwilhstanding Huel Alfred is oac of the richest i 
most prolitable ropper mines that Cornwall has now 
boast of, a particular de.imption of some of its n 
voulit not have been now attKmpled, but for some < 
comstancea wnrtJiy of particular notice, th. that om 
its veins is of that description termed a contre, rema 
able for its magnitude and riches as well as its direct 
and on account of the ellects produced by its travers 
an east to west veia, and a north and south \eiUy 
cross course. 

Grotmd Plasw 




Both the shafts aboTe alluded to were sank on I 
contre, the direclion of which is 28 degrees south 
east and north of west. Jt Taries from 9 to 24 feel' 
width, its underlie is two feet in a fathom lo the eajt of 
north. At a small depth this bore the appellation of* 
' Flucao}' r:^ad.' Flucan prevailed very much between 
the depth »f 50 and 70 fathoms from the snrface, and 
burst out occasionally with such vehemence as t« drive 
away the workmen. Captain Samuel Grose, anintflligvnt 
captain of the mine, informed me thrd he was once ear- 
ned wi&y seven, fatfaoms tiy its suddeit inmption. But 
fiUte flucsi was seen at louch. greater de^th. Benetlh 
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it aad abore the copper, very great tihundance of sulphu-* 
ret and carboTiate of lead occurred, together with iroa 
pyrites, blende and quartz. The greatest extent to which 
the contre has heen worked is 11^0 fatlioms from itsjunc^ 
lion with the ea.'it and west vein towards the south east;. 
00 fathoms of wliich, at about 130 from the surfuce, am 
good ore. Tl<c only place at which the contra was rich. 
when in contact with the east and west vein, was at 
about 117 fathoms from the surface. North-west of itn. 
junction with tliat Tein, the contre was Bmall, and for. 
more than 100 fathoms in depth consisted of strings of 
floean, but at about the depth of 120 fathoms it enlargedf 
to twelve feet io wiJtliaJid yielded some «re, mingled, 
with fluop, blende, andiron pyrites in abundance; at 
130 fathoms in depth, it was poor for 20 fathoms from. 
Us junction with the cast and west vein, and then suc- 
ceeded 40 fathoms of what the miner terms oj-eygrounrf. 

It seems to- be the i^inJon of a tery intelligent and; 
eiperieitccd miuer, Captain John Davcy, who was a. 
captain in Herland mine, and is uow the managing] 
captain of lluol Alfred^ that the contre of the lalter is i. 
continuation of that of Herlajid^ 

The east and west, or regular metalliferova vein aye- 
cages about 2.{ feet in width, and runs 10 degrees southt 
of east and noith of west; it underlies %\ feet in a,- 
fathom towards the uarth. The ore was about 110. 
fathoms- ia length east of its jui}ction with the contre^ 
but tlie east and west vein is poor every where when ia. 
contact u(ilb it, eicept at the only place at which also, 
ijic contre is rich, vii. at about 117. tiitlioms framtbe- 
Mirface. 

\Vest of Uie caiLtr«, the east and west yein is loat for 

orlj 3Q fiUlioms; and when, discarered again, it varies- 



\ 



1 

igl«t 

1 



236 on THE fllNS OF C8It!*WALt, 

frmn 18 inches to 4 feet in m<lth,and its loaij wasfoi 
Ehiefly to consist of flucan with some bleinle. 

The ore of the contre is yellow nnd occasionally 
pact, but it is for the niMt part approaching to black 
e stem all y ; and where richest, is loosely interminglMt 
with sniiill portions of quartz, blende, and iron py: 
■which prevailed very much near the surface. 

The ore of the regular vein east of the junction 
the contre is also yellow, and for the most part hi 
but it is occasionally loose. 

The common efiect of a cross or north and south 
is, that it passes through the east and west or metalUfi 
rousTcin, and mostly alters its courae. A cross vein occur* 
in Huel Alfred ; its effect on the eaai and west vein is not 
yet known, but a rare exception to the general rule of 
north and south reins traversing metalliferons veins is 
here exhibited ; for the load of the contre^ which, as has 
been Kaid, is rich in copper, not only parses through the 
north and south vela, bat also heares it out of its r«gD- 
lar direction four fathoms. This is the only Instance of 
the kind that has come to my knowledge. 

The run of the cross vein is direct north and south j 
it underlies west about one foot in a fathom ; is nine 
feet wide, and close to the contre (where only it hav 
heen seen) is chiefty filled with quartz, accompaMed 
by blende and carbonate of lead in very small quantities, 
but in it there is no flucan ; at and below forty fathooM 
from the surface, the quartz assumed the form of a fine 
sand, and the water from the cross vein was so power- 
ful as to wash the sai>d 90 fathoms into the contre, so a» 
occasionally to cboak the pumps. It should be renorkeA 
that DO OK was sees in the latter^ wliile pwEtng (luougl* 
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the cross rein for more than 100 fathoms from the sar« 
face. 

About. 45,000 tons of copper ore, the produce of 
Huel Alfred, have been sold since the beginning of 1801^ 
for the sum of about ^35D,00(>« The number of men^ 
MTomen, and children, employed underground and on the 
surface, amounts nearly to 1500. There are three larga 
steam engines for drawiilg the water, and two steam 
whims for drawing the ore, now on the mine, (1812). 
The monthly expenses for labour, coals, ropes, timber,: 
&c. amounts now to about £5300. The profit hitherto 
divided amongst the adreatureri amounts to about 
rfl20,Q00t 



Some other accounts of remarkable circumstances re*' 
latiag to the yeins of other mmes were annexed ta 
this paper, which are here omitted on account of th^ir 
demanding plates for their illustration. They may bei 
consulted in the second yolume of the Transactions o| 
the Geological Society* 



Or THE SECtlONS, PtitE 2. 

TtiE princtpol object in nnLicing tbe Sedtonl 
place, is to refer the reader immediatelj' to the paged 
wliicii their more important features are treated c 
may however be requisite to odd & few <hort ttnd gend 
rcmRTki. 

Fig. 1. 

TUi is die rivHy nntural section of llie four. It ll 
represenlation of the clitfB of tbe north-weiterti eoait of 
the Isle of Wight. 

lu the allarium of HcadeD hill, forming the Ronbrait- 
most part of that line of coast, nothiog worthy of pattl* 
Gular notice has been observed : but some account of tho 
remarliable and alternating deposites by salt a 
water, on which it lies, will be found under tlifl ho^ 
Freshtoaler formations, (§ 15, and seq-) 

To these the London Clay Ricceeds, on tbe ion| 
{S 26.) In all other places in which this clay Itu bm 
obseried, its position is fiat, or nearly so. The i 
observalion is applicable to the many colour and verttcH 
strata of sands and clays, extending 1131 feet « 
south of the London clay, and which belong to | 
PlatUc Clay formation (§ 33), as well as to the vertll 
chalk, succeeding them on the south. Some obserratio 
on the position of these strata in thi& place^ will I 
found in § 48. 

Flg.% 
I The line of this section may readily be traced > 
^flie Utile map opposite the title-page. It must be o 
fcxsed that it is in some sort theoretical, for it i: 
possible with certainty in all cnses to assure otirsehi 
that Utc Strata which rise to the surface, or are i 
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( U as only to be corercd by the alluvial soil, do 
ifly pftM away beneath it with regularity (o any Tery 
'ransidcmbic depth. One circumstanM is particularly 
wortliy of notice. It has been discovered, wherever the 
stnta liave been pierced, that the inclination of the 
liewett depoMtex differs greatly fiom thai of those which 
arc cst«cmed to be of the oldest fomiation : — that the 
flarner lie nearly flat, whik the latter pass away beneath 
th« surface at a considerable angle with (he horizon. 
The chalk, for instance, docs not often exceed the angle 
of IS <legreeH, and its strata near Dover, which are re- 
markably regular, are so nearly horizontal, as to diflbr 
from that |Hnttiiiii less than one degree. While, on the 
other land, the strata of clay-slate beyond Eu3ter oa 
cwest, incline at an Angle of at least 70 degrees. 
mo remarks on this section mil be found in tkd 
ioa, page IS. 

FiS- 3. 

pie lino of tlic foregoing Section Is aboat north-east 
I soDth-weat ; the line ef this, is nmre nearly east and 
, and on consulting the map, it will be seen thUft 
S the former. 
TTie chief object in giving tWs section, h to shew th« 
rnlcrcstini: fail, (bat a large propiirlion of the counties 
of Kent and Surrey, tlmu^li suirounded by the chalk do 
iiot leiit u|H<n it, but coniist of a sand which U similar 
in so many respects to that on vhich Devizei stands, as 
that tlieir ideality is determinate. Some ohjemttoiis 
oa this sul^ect will be found in i, fil. 

The authority for placini; the Old red Goodstoae, as 
the supporling rock of the mountain limestone iicar 
Uristol, will be found in § 131, 



1 




9,40 OFTIISSECTH 




Fig. 4. . 

This Boction relates primaiilj' to objecU of more t1 
common intcrCBt, namely, the roost important Coal 
mations of our country. The line of section may readily 
be traced in the little map. A long detail ot that od the 
eastern eoasl, will be found under the head Coal (% 94 
& seq.), includiog the substances ifUh which the beds 
of coal are interstratijied, as well (is those on which tlie 
whole formation lies ; although the latter are considered 
to belong to the Mountain Limestone formation (^ 97, 
uote) ; but it seemed to promise some advantage not (» 
separate them (§ 102). Beneath the limestone, and 
between it and greywacke, lies the old red sandstone 
(§ 154.) The greywack^ abuts against greenstone 
(^ 166), on which repose broken, or irregularly sti 
£ed, beds of limestone and coal. To these soccccds 
red marie, or new red sandstone (^ 76), in nearly 
zontal layers, reposing, on the west, on mountain li 
&tone. This limestone (see Map) parses northivard! 
round the slaty mountains of Cumberland, of whidi 
Skiddaw is the highest, in a semicircular form, 
underlies the extensive Coal deposite in the nel^l 
bood of Whitehaven. 

It Is remarkable that the Coal is covered, both oa 
eastern side of the kingdom (^ 87) and on the yrct 
(89), in part by the raagncstau limestone; teadin^l 
shew that the true geological position of the indepei 
coal-formations of England is between the magiii 
limestone and mountain limestone. This section 
wise shews that the position of the red maric is 
ihe magnesian limestone, which ho* been prond 
bt. Bees' head, not far from AV'hitchaicn* (^ Tty* 
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